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Are  examined  stress  relaxation  iu  metals  and  alloys,  methods  of 
its  study  and  basic  factors,  it  de  termiuin  g : the  temperature,  initial 
stress,  time,  scale  factor,  and  also  oenavicr  of  metal  at 
ncnstationary  systems.  Given  data  cn  the  eflect  cf  alloying  on  the 
relaxation  resistance  of  steel  and  otuer  structural  materials.  Are 
developed  the  cond itions/modes  of  the  heat  treatment  of  steel  and 
alloys,  that  ensures  maximum  relaxation  life. 


The  book  is  intended  fcr  tne  tecnnrca 1-eng ineer in g and 
scientific  workers  of  metallurgical  ana  machine  building  industry. 
Illustration  114.  Tabl.  45.  Rererences  of  216  titles. 


Page  5. 


Preface. 


Among  the  structural  and  heat-resistant  materials,  used  in  many 
branches  of  industry,  important  place  occupj  they  stopped  and  the 
alloys  (less  frequently  pure  a«tals),  tuat  work  under  conditions  of 
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stress  relaxation  at  different  temperatures. 

For  obtaining  the  xaterials  wit u high  relaxation  life,  it  is 
necessary  to  know  mechaiism  and  basic  laws  governing  the  process  of 
stress  relaxation,  and  also  factors,  which  affect  it. 


The  conducted  for  last/latter  yeata  theoretical  and  experimental 
investigations  in  the  field  of  stress  relaxation  in  metallic 
materials  considerably  expanded  our  xnowledce  about  this  process. 


The  large  contributicn  to  the  study  of 
relaxation  introduced  Rrssian  scientists  N. 
Eavidenkov  , Ya.  1.  Frenkel',  S.  I.  Guua.hi, 
Oding,  3.  H.  Rovinskiy,  Yu.  N.  Rabctuov,  L . 
E. Finkel's hteyn,  etc. 


the  phenomenon  of  stress 

V */ 

£.  Kurnakov,  n. 

S.  T . Konobeyevskiy , I.  A. 


H.  Kachanov,  B. 


The  authors  of  present  monograpu  attempted  on  the  basis  of 
literary  this  and  our  oto  investigations  to  critically  examine  the 
physical  aspects  of  stress  relaxation,  the  phene menologica 1 
dependences,  the  effect  of  structure,  tne  interconnection  between 
relaxation  and  creep.  Are  discussed  also  the  methods  of  the  study  of 
stress  relaxation,  in  particular  at  nign  tenperatures.  Vital 
importance  the  authors  abstract/remove  taeory  and  practice  of 
alloying  relaxation-resistant  steels  ana  alloys. 


The  idea  of  the  creation  of  aerograph  on  stress  relaxation  in 
aetals  and  alloys  belongs  tc  V.  Z.  Tseytlin,  fcy  whom  is  written  to 
chapter  I about  physical  nature  and  necuanisn  of  this  phenomenon  of 
chapter  II,  III,  v and  partially  IV  are  written  by  L.  B.  Getsov, 
chapter  IV,  VI  and  VII  - A.  M.  Borzdyn. 
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Introduction. 

Under  term  stress  relaxation 
reduction  in  mechanical  stresses  i 
dimensions) . Such  stresses  eitner 
of  the  units  of  machines  and  units 
cf  the  latter  (for  example,  fasten 
cr  they  unavoidably  appear  in  the 
(techncloy ical  stress)  . 

In  particular,  stress  celaxat 
of  part  after  heat  treatment,  duri 
alternating  loading  under  ccnditio 
amplitude  of  deformation,  etc.  The 
recent  years,  they  showed,  that  st 
different  metals  and  alloys  with  n 
cases  and  at  minus  temperatures.  1 
possibility  of  the  decomposition  o 
cf  stress  relaxation. 

It  is  possible  to  consider  es 


* 


usually  understands  a spontaneous 
n iuetai  (with  constant  linear 
specially  create  with  the  assembly 
for  providing  the  normal  operation 
ing  joints,  springy  cell/elements), 
process  of  manufacture  of  parts 

ion  can  be  observed  with  the  aying 
ng  iow-t esperature  tempering,  with 
?s  or  the  assigned/prescribed 
investigations,  carried  out  in 
ress  relaxation  can  occur  in 
crmal,  nich,  and  in  a series  of 
s estab 1 ish/i nstal led  the 
f parts,  that  work  under  conditions 

taoirsh/installed  that  relaxation 
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of  stresses  (similar  to  creep)  it  is  tue  result  both 
shift-dislocation  and  diffusion  processes,  first  type  processes  are 
connected  with  the  cooptrative  movement  of  the  group  of  atoms  (for 
example,  on  the  shear  planes,  etc.).  Second  type  processes  - with  the 
individual  displacement  of  separate  atoms  both  at  tKe  boundaries  of 
the  grains  of  basement  structure  and  over  ectire  volume  of 
pclycrystal.  The  predominant  rcle  of  tue  other  one  or  phenomenon, 
controlling  the  process  cf  relaxation,  uepecds  cn  operatinq 
temperature  aqd  on  the  level  of  effective  stresses. 

Page  7. 

It  is  expedient  to  distinguish  relaxation  cf  stresses  (in 
material,  parts),  reali2ed  via  macro-cr^ep  under  conditions,  which 
impede  change  in  the  lirear  dimensions  of  Fart,  and  stress 
relaxation,  caused  by  the  processes  or  micrc-creep  both  between  the 
elements  of  microstruct ere  (relaxation  of  the  2nd  kind),  and  within 
them  (relaxation  of  the  3rd  kind).  Stress  relaxation  in  part  can  be 
caused  Dy  the  processes  cf  micro-relaxation  in  the  structural 
elements. 

The  strength  of  materials  of  stress  relaxation  can  be  raised  by 
the  means:  the  heat  treatment,  which  ensures  optimum  for  relaxation 
resistance  structure;  the  stabilization,  which  increases  resistance 


IL. 
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of  relaxation  (and  of  creep)  during  tne  first  stage 
thermomech anical  treatment;  by  repeated  loadings. 


of  process; 


It  is 
inf ormatio 
structural 


possible  to  assuie  that  obtaining  of  the  necessary  for 
n about  the  c bar  actec  ist  ics  relaxaticc  life  of  different 
materials  will  within  tie  next  few  years  go  in  two  ways. 


First,  by  the  direct 
relaxation  employing  the 
widely  used  in  laboratori 
tending)  for  the  duration 
assigged/p rescribe d servi 
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In  tne  second  place,  by  the  a 
methods  of  the  evaluation  of  resis 
characterizable  creep  with  varying 
creep  (with  constant  stress).  For 
relaxation  for  the  conditions  of  s 
below  (Chapter  II)  , can  be  with  su 
calculated  from  the  theories  of  st 
propagation  of  electronic  computer 
extensively  for  determiring  cf  the 
primary  curved  creep  of  the  materi 


ppxiCttticn/use  of  calculated 
tance  of  relaxation  (by 
stress)  according  to  test  data  for 
example,  the  characteristics  of 
ingie  loading,  as  it  will  be  shown 
fficient  acctracy/precision 
rengtuening  cr  flow.  The 
s will  make  it  possible  to  use 
cnai'acteristics  of  relaxation  the 
al. 
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Both  these  directions  are  legitimate  cres  and  dc  not  eliminate 
in  any  way  each  other. 

so,  if  alloy  is  de velo p/pr ocasseu  or  is  investigated  for  parts, 
that  work,  under  conditions  of  rigid  loading  (possible  stress 
relaxation),  then  it  is  expedient  to  carry  cut  testing  not  for  creep, 
tut  for  relaxation,  since  tie  latter  xs  considerable  less 
labor-consuming,  especiclly  if  we  experience/test  the  rings  of  equal 
strengtn  bending  {according  to  I.  A.  ouiag)  or  coiled  springs 
(according  to  A.  A.  Chizhik). 

Eage  d. 

In  the  latter  case  the  results  of  rexaXaticc  tests  utilize  even  for 
calculated  determining  of  tte  characteristics  of  creep.  Furthermore, 
since  the  proposed  calctlated  methods  or  determining  resistance  of 
repeated  relaxation  did  not  find  also  sufficiently  wide  application, 
conducting  the  cor respo r ding  tests  for  the  evaluation  of  this 
characteristic  is  completely  necessary. 

in  present  monograph  were  reflected  bcth  cf  directions: 
experimental  and  analytical,  is  incluueu  special  chapter  "stress 
relaxation  and  creep",  vtere  are  examined  ir.  detail  above  questions 
touched  upon.  Especially  is  investigated  cyclic  stress  relaxation  and 
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decomposition  under  conditions  of  relaxation  at  elevated 
temperatures. 


The  crystal  body,  transferred  by  tue  effect  of  external  forces 
into  ncneq uilibriu m state,  always  attempts  tc  return  back  in  the 
equilibrium  state.  The  process  of  the  transition  of  crystal  body  from 
nonequiliu rium  state  into  equilibrium  is  called  relaxation. 

In  ideal  (faultless)  s ing le-c r ystai  ocdy  all  processes,  caused 
by  the  effect  of  external  forces,  are  reversible.  But  without  the 
release  of  body  from  the  action  of  external  forces  tendency  toward 
the  return  to  state  of  equilibrium  in  perfect  crystals  can  realize 
itself  only  under  conditions  under  wmcn  the  atoms  under  the  effect 
of  the  fluctuations  of  ther«al  energy  overcome  the  energy  barrier,  or 
in  such  a case,  when  single  crystal  is  ground  tc  subgrains.  In  real 
crystals  relaxation  processes  are  explained  by  the  presence  of  the 
flaw/defects  of  crystal  lattice. 


EOC  = 78153901 
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rate,  the  level  of  free  energy  is  increased  and  they  transfer/convert 
into  thermodynamically  ncneguilibr ium  state.  Orly  in  ideally  elastic 
body  during  infinitely  slew  (guasi-static)  deformation  under 
conditions  of  low  voltages  will  not  occur  tke  dissipation  of  elastic 
energy  and  elastic  deformation  will  be  completely  reversible  process 
for  which  is  valid  appreximate  Hooke's  i aw;  cr  = Ee. 

For  the  real  crystal  bodies,  loaded  in  elastic  region,  this 
dependence,  strictly  speaking,  it  is  unacceptable,  since  because  of 
the  presence  of  flaw/delects  and  them  aimost  always  is  observed 
transition  from  thermodynamically  noneguilifrium  into  more  state  of 
eguilibrium.  Such  deviations  from  elastic  behavior  are  usually  called 
co mmon/gen eral/total  teim  the  "elastic  imperfections"  or  the 
"phenomena  of  inelasticity". 

Page  10. 

Ihe  processes  of  inelasticity,  which  uevelep  in  time  in  direction  to 
state  of  eguilibrium,  axe  relaxaticn  ones. 

Relaxation  processes  are  developeu  differently  in  dependence  on 
the  properties  of  body,  ferm  or  deformation  and  conditions,  under 
which  they  occur/flow/last,  and  they  are  developed  in  the  form  of 
elastic  after-effect,  irternal  friction,  stress  relaxaticn.  Figuref  1 
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gives  the  typical  according  to  Zener  [ 1,  s.  268  J spectrum  of 
relaxation  processes  in  sclid  with  tne  vary  lew  voltages  when  are 
virtually  excluded  processes  micro-  and  macroplastic  deformation. 

1.  Phenomenon  of  stress  relaxation. 

Even  in  the  first  lalf  past  century  were  rcted  the  facts  of  the 
spontaneous  decrease  of  internal  stresses.  In  tte  opinion  of  Poisson, 
in  liguids  for  a certair  period  of  time  continuously  are  levelled  off 
cr  are  attenuate/weakened  tte  stresses  uoi  external  pressure.  After 
extending  this  thought  to  sclid  ones  to  aphis,  A.  Maxwell  made  the 
assumption  that  the  drop  (cr  relaxation)  of  the  stresses  in  the 
function  of  time  is  proportional  to  stress  level.  It  considered  solid 
as  the  viscoelastic  system,  combining  in  itself  the  ideally  elastic 
tody  of  dooke  and  the  ideally  visccus  body  cf  Newton  [2], 


■ - 
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Votmo/no  roaedoMUO 


Fig.  1.  The  spectrum  of  relaxation  processes  according  to  Zener  [ 1 ]: 
1 - anisotropic  distribctic  r of  the  pairs  ct  tfce  dissolved  atoms 
under  the  action  of  stresses;  2 - processes  cn  grain  boundaries;  3 - 
the  same,  cn  twin/counter  parts'  boinaar^/interf aces;  4 - the  same, 
the  ordering  of  the  dissolved  atoms  in  alleys  cf  the  type  of 
implementation;  5 - the  same,  caused  oy  transverse  heat  fluxes;  6 - 
the  same,  intercrystalline  teat  fluxes. 


Key:  (1).  Freguency, 


Eage  11. 


Conseguent ly , according  tc  Maxwell  a change  (relaxation)  in  the 
stress  with  time  must  fellow  the  law 

£ 

where  k=  — — - constant,  which  characterizes  the  rate  of  relaxation; 

»i 

E - modulus  of  elasticity;  - ccerficient  cf 

ductil it y/ tough ness/ viscosity. 
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After  integration  tithin  limits  from  0 to  r under  initial 
conditions  r=0;  a- a 0 we  obtain 

= (2) 

The  value,  reciprocal  k,  Maxwell  call/named  "relaxation  time" 
r0.  Then  eguation  (2)  can  be  presented  in  the  form 

a = a0e~vx\  (2a) 

Here  r0  - time,  during  *hich  initial  stress  diiinishs  in  e=2. 71828 
cnce. 

Tu- 

besides the  model  cf  Maxwell  (Jia^s.  2a),  that  consists  of  the 

series-connected  c ell/e leme cts;  elastic  £ and  viscous  r\,  for 

describing  the  processes  cf  creep  utilises  Kelvin-Voigt's  model  (Fig. 

2b),  consisting  of  para llel-connec tea  cell/elements  F and  rj,  and 

also  combinations  of  the  models  of  Kei via- Vc igt , Maxwell  and  of 

elastic  cell/elements. 
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Fig.  2.  Models  solid. 

Eage  12. 

So,  during  the  description  cf  creep  anu  relaxation,  according  to  the 
cpmbiqed  hypothesis  of  creep,  proposed  by  Ye.  A.  Heyn,  is  used  model 
Fig.  2c.  It  consists  of  Maxwell's  componeqt/lin k,  which  describes 
irreversible  creep,  and  the  totality  of  rie 1 vin- Voigt *s 
compouent/links,  which  simulate  elastic  after-effect. 

N.  S.  Kurnakov  examined  the  phenomenon  of  stress  relaxation 
closely  connected  to  nature  and  properties  cf  tested  material  and  its 
state.  Observing  during  experiments  on  tne  studj  of  flow  pressure  of 
plastic  bodies  [3]  the  process  of  a change  in  the  stress  with  time, 
it  arrived  at  the  conclusion  tnat  the  cate  cf  relaxation  k (with 
canseguent ly,  and  relaxaticr  time  tqJ  tney  depend  not  only  on  ambient 
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conditions  (temperature,  pressure,  etc.j  , but  also  on  the  nature  of 
metal  and  its  preliminary  treatment, 

N.  S.  Kurnakov  attached  much  importance  to  the  phenomenon  of 
stress  relaxation  and  even  he  include/connected  "relaxation  time"  in 
a number  of  properties,  determined  with  the  physico-chemical  analysis 
cf  metals  and  alloys. 

: 

I 

N . S.  Kurnakov's  basic  ideas  were  subsequently  developed  during 
the  study  of  the  physical  nature  of  stress  relaxation  by  S.  I. 

Gufckin,  L.  V.  Shvedov  ard  ether  researeners. 

In  particular,  S.  I.  Gubkin  [h]  expressed  thought,  that  in 
polysr ysta lline  metall  the  rate  of  tne  relaxation  of  stresses  depends 
on  the  rate  of  intergrarulac  slips  anu  intracrystalline  shift/shears. 

This  position  was  more  lately  developed  aqd  it  is  considerably 
supplemented  by  I.  A.  Oding  [5].  Further,  the  rate  of  the  processes 
cf  relaxation  is  caused  net  only  deformatict  rate,  but  it  is  first  of 
all  the  function  of  state  of  sunstance  itself. 

As  has  already  been  mentioned,  stress  relaxation  - a process  of 
a spontaneous  reduction  in  the  stress1  Jus\  the  tody,  placed  under  the 
conditions  of  the  invariability  of  initial  deformation  in  line  of 


force 
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FOOTNOTE  l.  Under  words  a "spontaneous  reduction  in  the  stresses"  is 
implied  that  the  relaxation  occuc/f low/ras ts  without  the  action  of 
external  forces,  and  this  is  correct  only  it  the  rat io /relation  to 
the  technological  stresses  (see  below).  Stress  relaxation  in  parts  or 
assemblies  of  machine,  {laced  during  assembly  under  the  conditions  of 
the  invariability  of  initial  def or  matron,  occurs  under  the  action  of 
external  reacting  forces,  which  are  gradually  decreased. 

Eage  13. 

These  stresses  can  be  specially  created  with  the  assembly  of  the 
units  cf  machines  or  teds,  for  example  oolted  joints,  cylindrical 
and  riboon  springs,  which  retain  their  oize/diiensiors  in  the  process 
cf  the  works,  different  tight,  land  ing/ri  1 1 i ng  and  so  forth,  and  also 
located  ever  more  wide  application  stressed  concrete,  reinforced  by 
the  prestressed  wire.  1c  these  all  cases  it  is  desirably  possible  to 
longer  keep  close  to  initial  stress  revel  acd  therefore  their 
relaxation  is  undesirable. 

In  the  process  of  manufacture  (treatment)  cf  parts  in  them,  can 
appear  residual  stresses.  As  an  example  it  is  pcssible  to  give  welded 
joints,  tape/film  ccatirgs,  parts,  obtained  by  cold  pressing,  etc. 
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Such  "technological"  stresses  in  many  mstacces  are  undesirable  ones, 
since  they  can  cause  during  service  the  inadmissible  shaping  of  part 
cr  even  lead  to  its  decc  upcsiticn.  Therefore  cpe  should  create  such 
conditions  that  relaxation  cf  technological  stresses  would  pass  with 
the  largest  possible  intensity. 

Stress  relaxation  in  pure  for  t is  developed  during  constant 

initial  total  deformaticn.  The  tasic  condition  cf  relaxation  (in 

elastic  region)  can  be  expressed  by  the  r e latic ?ship/r at io 

e,  = ey  + en  = const,  (3) 

where  e0  — initial  total  deformation;  ey—  elastic  deformation; 

e„  — residual  (plastic)  deformaticn,  wnich  is  accumulated  in  the 
process  of  relaxation. 

If  body  was  loaded  in  elastic  region,  then  at  zero  time  (*)  eo  = eT 
and  en=0. 

The  condition  of  tfce  constancy  or  initial  total  deformation  (3) 
is  correct  only  in  the  case  of  the  instantareou s primary  loading  of 
tody  in  elastic  region  with  subseqcent  stress  relaxation.  If  loading 
is  manufactured  slowly,  thee  in  this  case  as  a result  of  stress 
relaxation  can  arise  plastic  deformation.  Plastic  deformation  occurs 
in  the  load  case  of  body  higher  than  elastic  limit.  Thus,  more 
strictly  condition  of  tie  ccnstancy  or  initial  total  deformation 
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e0  = ey  + ®n  + = const, 


ihere  — plastic  defcrmation,  whicu  appears  liith  the  loading  of 


part. 


Page  14. 


In  toe  course  of  time  in  the  leaden  occy,  placed  under  the 
conditions  of  the  invariability  of  initial  tctal  deformation,  the 
elastic  deformation  descends  and  witn  respect  tc  this  increases 
plastic  deformation.  The  decrease  cf  elastic  deformation  (elastic 
distortions  of  crystal  lattice)  will  entail  a reduction  (relaxation) 
in  the  stresses.  This  is  visually  shown  on  fig.  3a,  in  which  is  given 
the  schematic  of  the  decrease  cf  elastic  delegation  and 
corresponding  increase  in  tie  plastic,  and  cn  Fig.  3b  - curve  of 
stress  relaxation. 


A series  of  the  la»s  governing  the  prccess  of  stress  relaxation 
was  establish/installed  cn  single  crystals.  The  course  of  the 
processes  of  stress  relaxation  in  poly crys talline  metal  as  a result 
cf  the  presence  of  grain  boundaries  is  realize/accomplished  by  a more 
complex  form.  For  example,  in  pclys rystail ine  mctall  under  the 
specified  power  and  temperature  conditions  appears  the  stressed  state 
because  of  elastic  shifts  cn  grain  boundaries.  Therefore  is  possible 
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alsc  stress  relieving  by  relaxation  on  grain  boundaries.  It  can  occ 
in  two  nays  - either  by  the  directed  atomic  displacement  through 
boundary/interfaces  (diffusion  plasticity) , cr  as  a result  of  slip 
alcng  grain  boundaries. 

8.  M.  Hovinskiy  [6]  assumes  that  in  pclycr ystalline  body  are 
possible  three  varieties  cf  the  process  of  stress  relaxation: 
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(!)  Bptm* 


Fig.  3.  The  schematic  of  a change  in  toe  plastic  and  elastic 
deformations  (a)  and  in  the  initial  stress  (t)  in  the  process  of  the 
relaxation:  1 - typical  dependence  o-r;  2 - possible  form  of  curve 
for  an  alloy  with  structural  transformations  (a-b  - I period;  b-c  - 
II  period;  c-d  - III  period  of  relaxation). 


Key : (1)  • Time. 


Page  15. 


a)  the  elasto-plastic  relaxation,  uescrited  by  the  equation 
uT  - cr0exp  [-(*t)'J,  (5a) 

khere  o0  - initial  stress;  a,  - stress  at  the  moment  of  time  r;  p - 
index  of  relaxation  resistance;  k.  - relative  rate  of  the  relaxation 
cf  stresses. 


This  form  of  relaxation  occurs  preuomirantly  in  the  region  of 
the  relatively  lov  temperatures,  wfioh  uj  net  exceed  the  temperature 
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cf  the  rest  (is  below  -C.25  Tn„); 

b)  viscoelastic  defcrmaticn  cf  boundaries  cf  the  grains  (blocks) 

ort  = °oexp[-*a‘r].  (54; 

characteristic  mainly  fcr  the  region  of  lean  temperatures 
(0.25-0.5)  rnJ; 

c)  el astic-viscous  deformation,  caused  by  the  diffusion  current 

cf  atoms  (vacancies)  - for  a high-  teaperat  are  range  (>0.5  7"n.i): 

°T  = a0  exp  [—kD  t] . (5fi) 

All  these  equations  can  be  consmered  as  special  cases  of  the 
eguation  of  Oding-Nadai: 

<rt=0oexp|--^-T]>  (5) 

in  which  term  1/t0  is  designated  througn  k,  ka,  kD,  and  in  equation 

(5a)  is  introduced  the  exponential  index  p«=l. 

2.  Special  f eature/pecu 1 iar ities  of  relaxation  cf  stresses  and  creep. 

The  irreversible  increase  in  the  plastic  deformation  in  time 
during  stress  relaxatior  makes  this  process  with  outwardly  identical 
cnes  with  the  process  of  creep,  dciing  waicb  plastic  deformation  also 
continuously  builds  up  (but  with  « = const)  . however,  the  conditions, 
under  which  occurs  the  accumulation  of  plastic  deformation,  during 
relaxation  and  creep  substantially  tuey  are  distinguished. 
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Eage  16. 

First  of  all  durinc  creep  under  conditions  of  constant  stress,  a 
coqtipuous  increase  in  tfce  overall  (total)  deformation  of  part 
(specimen/sample)  occurs  because  of  a corr esf ending  increase  in  the 
plastic  deformation.  During  stress  relaxation,  cverall  (total) 
deformation  remains  constant/in variable,  equal  initial  deformation 
eo,  and  plastic  deformation  increases  only  tecaGse  of  the 
corresponding  decrease  cf  elastic. 

During  stress  rela>aticn,  the  process  cf  an  increase  in  the 
plastic  deformation  occurs  kitnin  the  initially  stressed  volume  of 
metal.  The  limit  for  which  is  approached  in  this  case  the  accumulated 
in  the  process  of  relaxation  plastic  ueror nation,  this  is  the  very 
small  elastic  initial  deformation: 


During  creep  an  increase  in  the  plastic  deformation  is  continued 
continuously,  sometimes  reaching  the  significant  magnitude. 
Furthermore,  an  increase  in  the  plastic  deformation  occurs  with 
constant  load  and  approximately  constant  (without  considering  the 
third  period)  stress.  Therefore  under  ail  ether  constant/invariable 
conditions  plastic  deformation  exists  a function  only  of  time: 

e „ = / (*)  JJfiB-tf  = const. 


(6) 
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During  relaxation  the  effective  stress  is  constant  only  at  the 
moment  of  loading,  i.e.,  at  r=0,  in  tne  subsequent  time  it 
continuously  descends.  In  the  lanner  mat  during  relaxation  plastic 
deformation  is  caused  bj  the  stress,  wuicn  are  variable  value,  then 
plastic  deformation  with  the  temperature  ccrstarcy  and  other 
conditions  - a function  cf  two  parameters  (stress  and  time 

en  = f [T.  • (6a) 

The  difference  in  the  power  and  deiormaticr  conditions,  under 
which  occur/flow/lasts  plastic  creep  strain  and  relaxation,  causes 
the  special  featur e/peci liarities  cf  these  processes. 


In  the  region  of  mean  temperatures  [ (C.25-C.5)  rnJI]  plastic 
deformation  is  realized  iiainly  because  of  the  displacement  of 
dislocations  (slip  along  the  shear  planes  acd  creeping). 


Eage  17. 


During  creep  plastic  deformation  is  accumulated  as  a result  of 
interaction  of  two  processes:  strengtnemqg  metal  and  its  softening 
(return).  Strengthening  occurs  because  of  the  action  of  the  sources 
cf  the  generation  of  dislocations  situ  tne  formation  of  dislocation 
accumulations  and  other  obstructions.  Heturc  is  explained  by  the 


DCC  = 781  53901 


PAGE  24 


resorption  of  dislocation  accumulations  via  the  creeping  of  edge 
dislocations  (at  higher  temperatures)  and  cf  dual  cross  slip  of  screw 
dislocatio  ns. 

The  section  of  steady-state  creep  is  explained  by  the 
achieved/reached  eguality  cf  the  velocity  cf  strengthening  and 
velocity  of  softening.  The  scurces  or  tne  generation  of  dislocations 
act  with  approximately  ccrstant  intensity,  since  the  acting  at  given 
torque/moment  stress  a is  always  greater  then  tte  breaking  stress  of 
the  generation  of  dislocations  <Jkp: 

= (7) 

where  G - shear  modulus;  t - 8urgers*s  vectcr. 

During  relaxation  occurs  the  exnausticn  (cr  "depletion")  of 
easily  movable  dislocations.  At  each  subsequent  torque/moment  the 
stress  is  less  than  into  preceding/previous,  ard  therefore  the 
effective  force  of  sources  continuously  is  decreased  in  tine.  The 
decrease  of  the  density  cf  mobile  dislocations  and  their  bonding  into 
stable  systems  lead  to  strengtheni r g.  but  at  high  temperatures  the 
intensity  of  softening  due  to  creep  auu  dual  cress  slip  of 
dislocations  (at  constart/invariable  temperature)  is  proved  to  be 
increased.  As  a result  under  conditions  of  relaxation,  the 
strengthening  insignificantly  depends  on  ths  intensity  of  a reduction 
in  the  stress. 


DOC  = 78153901 


PIGE  25 


A series  of  the  researchers  (I.  A.  oding  et 
the  intensity  of  softening  during  creep  /c  with 
relaxation  of  stresses  vr: 


al.)  they  identify 
the  rate  of  the 


fr  = V, 


da £.  de 

dx  dx 


(8) 


Eage  18. 


In  proportion  to  tte  a pproach/approxi  matic  ip  of  stress  and  caused 
ty  it  elastic  deformaticn  tc  zero  (cr— *-0;  ey->-0)  the  thermodynamic 

equilibrium  of  body  is  restored  and  tne  level  of  internal  energy 
descends.  During  creep  cf  this,  it  is  nut  observed. 


Are  such  basic  differences  in  the  processes  of  relaxation  of 
stresses  and  creep  (in  average  temperature  range). 

Metal,  that  works  under  conditions,  calling  stress  relaxation, 
is  located  under  less  advantageous  conditions,  than  the  metal,  which 
experience/tests  creep,  since  during  stress  relaxation  strengthening 
from  plastic  deformatioi  in  view  of  its  limitedness  is  extremely 
small.  Confirming  this  position  experimental  data  are  given  in 
Chapter  IV,  p.  4. 


3.  Stress  relaxation  and  teiperature. 


The  character  of  the  ircrease  or  plastic  deformation  in  time 
during  creep  in  different  temperature  intervals  has  the  specific 


special  feature/peculia rities.  Depenarn*  on  temperature,  are 
distinguished  three  varieties  of  this  process.  This  approach, 
apparently,  can  be  extended  also  to  the  phenomenon  of  relaxation. 


1.  how-temperature  relaxation  - at  temperatures  is  lower  than 
temperature  of  return  (for  pure  metals  rower  than  0.25  rna). 

In  this  temperature  range  the  deiormation  increases  in  time, 

teing  subordinated  to  tie  approximately  logarithmic  law: 

« = aln-c  + P,  (9) 

where  a and  fJ  - constants.  Therefore  very  process  of  an  increase  in 
the  deformation  can  be  call/named  logarrthaic.  Elastic  deformation  in 
this  case  is  explained  ty  glide  of  dislocation  along  planes  of  shear. 
Strengthening,  according  to  Mott-Nabarro  and  Ccttrell  [7],  occurs  as 
a result  of  continuous  exhaustion  cf  drsloc atic ns,  which  are  found 
under  conditions  of  easj  glide. 

Page  19. 

Eased  on  this,  plastic  deformation  depends  cn  the  time  following 
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manner : 


e = nFbkT  In  Xx, 


(10) 


where  n - a number  of  dislocations  per  one  energy  unit  of  activation; 
F - average  area,  free/ieleased  by  dislocations;  b - Burgers's 
vector;  X - frequency  oi  dislocations  at  tie  moment  of  time  r. 


The  relaxation,  which  correspcnus  to  logarithmic  region,  weakly 
depends  on  temperature  and  completely  it  dees  net  depend  on  stress. 
Deformation  depends  linearly  on  the  activation  energy. 


Feltam  [8]  for  this  temperature  range  gives  following  equation 
of  stress  relaxation: 

Aa  = S,lg(l+yx),  (11) 

where  j - the  coefficiert,  not  depenuing  on  time  r and  Sr; 


Sr 


do 

d lgx  ' 


Value  Sr  descends  approximately  linearly  with  an  increase  in 
the  temperature. 


The  energy  of  the  activation  of  relaxation  determines  from  the 
dependences:  with  shear  stress 

Q = -f-Ax;  (12) 

with  tensile  stress 

Q = 2,3  — Act.  (12a) 

Sr 

2.  Mean  temperature  relaxation  is  observed  in  temperature  range 
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[(0.25-0.5)  Fuji],  by  whict  actively  are  developed  the  processes  of 
return,  but  it  is  nearer  tc  the  upper  level  of  temperatures  - 
recrystallization.  The  tasic  processes,  which  check  the  course  of 
stress  relaxation,  the  creeping  of  euge  dislocations  and  the  dual 
cross  slip,  because  of  khich  occurs  tue  softenirg  of  metal;  all 
last/lattar  all  to  a lesser  degree  we  can  compensate  for  the 
weakening  action  of  the  sources  of  disioca  ticns . Diffusion  processes 
cause  the  creeping  of  dislccaticns  or  oue  (tlccked)  slip  plane  into 
another  (not  blocked),  lhe  rate  of  relaxation  in  this  temperature 
range  depends  exponentially  on  the  activation  energy: 


Page  20. 


vr=*L  =&-*<«*. 

dl 


03) 


However,  thus  far  still  tnere  is  no  unified  opinion,  as  to  more 
rightly  determine  the  energy  of  the  activation  cf  relaxation,  L.  P. 
Nikitin  [9]  it  calculates  tfce  activation  energy,  using  the  dependence 

T«  exp  — , (14a) 

where  r0  — the  time  in  which  tte  stress  will  become  equal  to  a ; A0  - 
coefficient. 


F.  I.  Aleshkin  [10]  for  tnis  purpose  utilixes  the  analogous 
dependence  ^ = (14^ 


U.  N.  Kolesnikov  ard  A.  P.  Hoiseyev  [11,  s.  101]  determine  the 
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activation  energy  from  the  dependence  oi  the  logarithm  of  the  rate  of 
plastic  deformation  during  relaxation  on  reciprocal  value  absolute 
temperature  (Fig.  4a).  Itey  establish/ms  tailed  experimentally  that 
with  an  increase  in  the  stress  the  value  of  the  activation  energy 
passes  through  a maximun  (Fig.  4b)  . 


DOC  = 78153901 


PIGF  30 


Fig.  4.  Change  in  the  energy  of  the  activation  cf  relaxation  Q, 
calculated  according  to  by  the  curve  lg  1/T(a),  as  function  of 

effective  stress  # (b)  with  «0,  ,$*/■■*  (xg/ai*)  : 

/ -300(30):  ?—  K)O(-tO);  3-  500(50);  «-  600<60);  5 - 700C0I.  -i-SOOlSO). 

;-900(90):  8 — 1000(100);  S-  1100(110) 

Key:  (1)  xcal/mole.  (2)  kj/mole.  (3)  Jig/mm*.  (4)  mR/m*. 

Eage  2 1. 

3 

High-temperature  relaxation  is  ouserved  at  teaperatures  (is 
above  -0.5  Tn„),  by  which  are  proaote/activate d processes  of  diffusion. 
In  this  region  predominates  the  vacaucy  mechanism  of  diffusion,  which 
leads  to  the  acceleraticn  cf  tne  creeping  cf  dislocations. 


Kith  small  stresses  the  energy  or  tne  activation  of  the 
migration  of  vacancies  deternines  the  intensity  of  the  process  of 
strait).  Kith  the  high  stresses  alsc  in  tnis  temperature  range  the 
strain  is  caused  by  movement  of  dislocation.  However,  this  is  not 


.i 
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accompanied  by  noticeable  strengthening,  sirce  the  majority  of 
dislocations  emerges  to  crystal  bcunuary. 

For  very  high  temperatures  ( >C. 5 Taa ) is  characteristic  the 
totality  of  the  diffusion  processes  (which  seemingly  create  the 
prereguisi  te/premises  of  acvement  cf  dislocation)  and  of  the 
processes  of  the  creeping  of  dislocations1. 

FOOTNOTE  1 . In  more  detail  temperature  effect  on  the  relaxation 
resistance  of  metals  anc  alloys  is  examined  on  p.  4 cf  Chapter  IV. 

4.  Bases  of  relaxation  resistance  cf  metallic  materials. 

Resistance  of  the  letallic  materials  cl  stress  relaxation 
depends  first  of  all  on  the  strength  of  the  bends  in  crystal  lattice 
cf  base  metal.  B.  M.  Rovinskiy  and  V.  0.  Lyrttsa  [12,  p.  285]  they 
showed,  for  example,  that  than  "is  harder"  crystal  lattice,  the 
greater  the  relaxation  resistance  cf  metals.  As  the  criterion  of 
relaxation  resistance,  is  utilized  value  R=(l/p)-1-  Here  p - parameter, 
which  characterizes  the  intensity  cf  relaxation  process,  depending  on 
composition  and  structural  state  of  metal.  This  parameter  find  their 
eg  uatiens 

eT  = e0exp[l*1T)',]>  (15) 

where  e0 — initial  elastic  deformation;  ^ — clastic  deformation  at 


* :: 
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the  moment  of  time  r;  kj  - [acametcc,  determined  by  stress  level. 

Page  22. 

Figure*  5 gives  the  found  by  E.  tt . dovinskiy  and  to  V.  G. 

Lyuttsa  dependence  of  tie  index  of  tue  relaxation  resistance  R=(i/p)-1 

cn  the  value  of  the  square  cf  the  guasr-elastic  force  K* , which 

characterizes  binding  forces  in  crjstal  lattice  (rigidity  of  grate). 

Value  K determines  from  the  equation 

tf  = 4n*  — m0*,  (16) 

ft*  ' 

where  k - Boltzmann  constant;  h - Elancx's  constant;  0 - 
characteristic  temperatcre;  m - mass  of  atom. 

Z.  N.  Petropavlovslaya  and  I.  A.  Sucherkcva  [14]  also  connect 
relaxation  resistance  with  value  mQ2,  propcrticral  to  stiffness 
coefficient  K-  On  Fig-  6a,  is  giver  toe  plotted  according  to  their 
data  curve  of  the  dependence  of  a relative  voltage  drop  for  1000  h 
(at  20°C)  from  value  m92  for  aluminum,  copper  and  iron.  With  an 
increase  of  the  binding  forces  in  crystal  lattice,  relaxation 
resistance  is  increased,  but  straight-line  relationship  between  ratio 
b*/o o and  value  it  is  net  detected. 

dith  an  increase  in  the  temperature,  tie  intensity  of  the 
thermal  oscillations  of  atoms  (ions)  in  crystal  lattice  increases.  B. 
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M.  Rovinskiy  and  to  V.  G.  Ljuttsa  witn  tais  they  precisely  connect 
decrease  with  the  temperature  of  tfce  relaxation  resistance  of  pure 
nickel  and  some  of  his  cllcys  [12,  p 235 J. 
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caused  only  ly  change  of  the  energy  or  cae  thermal  oscillations  of 
atems  in  grate.  However,  as  can  be  seen  frci  later  works,  basic 
effect  has  the  intensification  of  the  diffusion  processes,  which 
facilitate  the  displacement  of  dis locations . 


Important  value  for  the  relaxation  resistance  of  pure  metals 
have  packing  defects.  Ip  tcdy-cent ereu  crystal  <8CC)  lattice  of 
a-iron,  there  are  no  foundations  for  expecting  a large  quantity  of 
extended  dislocations,  tut  in  /-iren  anu  nickel  and  especially  in 
solid  solutions  on  the  tasis  of  these  metals,  which  possess  the 
face-centered  (FCC)  grate,  dislocation,  as  a rule,  they  are  split. 
Therefore  all  processes,  ccrnected  witn  tne  development  of  plastic 
deformation,  in  a-iron  are  intensified  with  an  increase  in  the 
temperature  in  considerably  larger  degree.  In  connection  with  this 
for  a-iron  and  its  alloys,  the  re latiousni p/rat io  between  maximum 
operating  temperature  ard  melting  point  (°K)  is  approximately  equal 
to  0.48;  for  y-iron  and  its  alloys  0.py;  for  nickel  and  its  alloys 
C . 68. 


The  strength  of  co a nunica ticn/connect ic ns  cf  crystal  lattice  of 
pure  metals  can  be  chanced  ty  alloying  with  the  cell/elements,  which 
form  substitutional  solid  sclutions,  as  it  has  shown  to  V.  A.  Il'inoy 
and  V.  K.  Kritskoy  [15,  p 412].  The  majocity  of  such  cell/elements, 
for  example  cobalt,  molybdenum,  manganese,  niobium,  increases  in  the 
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increasing  order  of  the  binding  force  or  ferrite  and  only  vanadium 
decreases  them.  Chrcmiui  in  quantity  ^-oo/c  alsc  considerably 
reinforces  interatomic  tends  [15,  f 408J. 
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The  available  experimental  data  [ 14]  confirm  that  resistance  of 
ferrite  of  relaxation  ard  creep  they  increase  chromium,  molybdenum, 
cobalt  and  tungsten.  In  this  case,  tue  greatest  effect  is  reached  at 
the  multic cmponent  alloying  (see  Chapter  VI,  p.  2).  The  alloying  of 
iron  with  nickel  in  the  guartity  necessary  for  the  formation  of 
stable  at  room  temperature  austenitic  structure,  to  a considerable 
degree  increases  the  relaxation  resistance  cf  iron.  The  alloying  of 
alleys  Fe-Ni  with  the  cell/elements,  which  increase  the  strength  of 
connections  (by  chromiui,  by  tungsten,  by  irclybdenum,  etc.), 
contributes  to  further  increase  in  tne  relaxation  resistance. 


G.  V.  Kurdyumov  and  N . 7 . Travin  [15,  s.  402  ] by  radiographic 
investigation  established  that  in  sclid  solutiers  on  the  basis  of 
nickel  the  introduction  cf  additions  of  chromium,  titanium  and  of 
aluminum  leads  to  an  increase  in  the  rorces  of  interatomic  bonds  in 
with  the  tact  of  larger  degree,  the  nigher  the  concentration  of  these 


cell/elema nts  (within  the  investigated  limits,  which  do  not  exceed 
their  critical  solubility  by  nickel  at  room  temperature). 
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However,  the  role  cf  the  alloying  cell/elements  (locating  in  the 
dissolved  form  in  base  metal)  in  an  increase  in  the  relaxation 
resistance  consists  not  crlj  in  ar  increase  in  the  forces  of 
interatomic  bond.  The  dissolved  cell/elements  also  affect  the  rate  of 
return  first  of  all  because  they  block  tnreshclds  and  impede  the 
creeping  of  dislocations.  Furthermore,  tne  atcirs  of  the  dissolved 
cell/elements  create  "clouds"  (Cottrell's  atmosphere)  on  packing 
defects,  changing  their  energy.  During  the  decrease  cf  energy  of 
packing  defect,  the  creeping  or  the  cross  slip  cf  dislocations 
becomes  hinder/hampered.  This  phenomenon  is  known  as  the  segregation 
mechanism  of  Suzuki.  The  effect  of  tne  dissolved  cell/elements  can  be 


retained  to  relativ 


ely 


tigh  temperatures. 


The  alloying  cell/elements,  dissolved  in  metal,  affect  the  rate 
of  diffusion  and  self-d  if  fusion  in  soiiu  solution  and  from  this  side 
also  is  exerted  the  influence  on  the  development  of  plastic 
deformation  at  high  temperature. 

Page  25. 

Large  heat  resistance  and  relaxation  resistance  of  austenitic 
steels  and  alloys  in  comparison  with  ferrite  ones  is  caused 
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considerably  (on  several  orders)  by  the  lower  speed  cf  the  diffusion 
cf  the  majority  of  the  alloying  cell/eleme nts  in  y-iron,  than  in 
a-iron . 


The  ability  of  dissolved  elem 
interatomic  bond  and  to  retard  of 
the  very  high  temperatures,  which 
deformation  occurs  mainly  because 
and  vacancies.  The  alloying  cell/a 
the  conditions  of  its  recrystalliz 
(hundredth  and  tenths  of  percentag 
increase  the  temperature  cf  the  be 
the  high  degrees  of  deformation  (5 
[16].  This  effect  of  small  ones  ad 
’that  the  clouds  of  the  dissolved  a 
their  displacement. 

An  increase  in  the  concentrat 
to  several  percentages  and  nc  long 
alloying  cell/element,  introduced 
interatomic  bonds,  then  t"p  increa 
effect  of  admixed  atoms  with  high 
weaker  than  with  small  ones,  and  a 
lo/o  (at.)  of  the  added  cell/eleme 


ents  to  increase  the  forces  of 
dirfusioc  acguires  large  role  at 
exceeu  0.7  Tut,  when  plastic 
cf  the  oriented  diffusion  of  atoms 
lements,  dissolved  in  metal,  change 
ation.  Already  small  guantities 
e)  of  some  in purit y/admixtures 
ginning  cf  recrystallization  £ at 
C-bbo/o)  and  prolonged  annealing 
ditroii  is  explained  by  the  fact 
toms  urour.d  dislocations  prevent 

ion  or  the  dissolved  cell/element 
er  afreets  value  fj.  If  the 
into  metal,  raises  the  strength  of 
ses.  However,  the  intensity  of  the 
concentrations  is  considerably 
n increase  in  value  t£,  arriving  on 
nt,  rs  gradually  decreased.  For 


^ si joa.:: ..a  . 
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single-phase  solid  solutions  on  the  basis  of  nickel,  iron  and  other 
metals  the  value  of  ratio  Tp:Taa  can  be  raised  because  of  an  increase 
in  the  interatomic  bonds  cnly  to  0.5-0.55  [16].  The  higher 
temperatures  of  the  beginnirg  of  recrystal  li2at  ion  can  be  obtained  in 
heterophase  alloys. 

An  increase  in  the  temperature  or  the  recrystallization  of  alloy 
expands  the  temperature  interval  in  whicn  nest  effective  possible 
resistance  of  stress  relaxation.  Thereroce  the  sclid  solutions, 
formed  by  the  alloying  cell/el emen ts,  wuicb  increase  the  temperature 
of  the  beginning  of  recrystallization,  retain  relaxation  resistance 
to  higher  temperatures. 

Fage  26. 

However,  great  resistance  of  stLess  relaxation  (just  as  creep) 
we  can  be  reached  only  if  the  concc ntrarro n of  the  alloying 
cell/elements  exceeds  their  critical  solubility  in  base  metal  at 
operating  temperatures  and  surplus  quantities  of  these  cell/elements 
are  separated  with  the  formation  of  the  particles,  which  delay  of  the 
displacement  of  dislocations. 

Dislocations  can  be  traked  by  the  zones  cf  preseparations, 
forming  in  crystal  lattice  releasing  phases,  even  coherent  with 
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matrix  solid  solution  and  isolated  particles  cf  the  excess  phases  of 
different  degree  of  dispersion.  In  this  case,  the  important  value  has 
a distance  between  such  obstructions  (.  7,  8].  If  the  distance  between 
obstructions  L is  small  in  comparison  with  the  maximum  radius  of 
curvature  of  dislocation  r«=  in  stress  field  «,  then  dislocation 
with  Burgers's  vector  b during  displacement  on  the  plane  of  slip 
barely  is  bent. 

FCCTNOTE  1 . Here  v - force  cf  surface  tension.  ENDFOOTNOTE. 

This,  for  example,  occurs,  »hen  as  obstL net  ions  serve  the 
isolated/insulated  atoms  cf  cell/elements  in  solid  solution. 

But  if  isolation  are  located  in  the  form  cf  large  particles,  far 
distant  one  from  another  (L>rc),  as  in  tue  cveraced  alloy  with  the 
high  degree  of  the  coagulation  of  particles,  then  dislocation  passes 
between  particles. 

Great  braking  to  movement  of  dislocation  is  observed  in  the 
intermediate  case  when  L«rc  (very  dispersed  isolation;  the 
particles,  coherent  with  tasic  solid  solution;  the  zone  of  Guignet  - 
Preston) . 

What  dr iving/ movin g with  rate  dislocations  are  stopped  by  the 
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particles  of  isolation;  they  can  overcome  these  obstructions  either 
via  creeping  or  via  the  cross  slip  in  order  to  pass  past  obstructions 
or  between  then.  But  the  particles  ct  isolaticq,  if  they  are 
sufficiently  solid  and  stable,  can  fasten  tie  driving/moving 
dislocations,  preventing  their  slip  and  creeping. 

Male  Lin  by  calculation  establisned  the  numerical  ratios  between 
creep  rate  and  distance  between  certers  of  the  particles  of 
strengthened/hardened  phase  [17]  (see  Fig.  fcb)  . In  this  case,  it  was 
assumed  that  the  dislocation  density  and  the  rate  of  their  creeping 
were  such,  that  they  lead  tc  the  observed  ir  technology  creep  rates. 

Fage  27. 

I 

With  small  distances  between  the  partici.es  (left  branch  of  the  curve) 
dislocations  cannot  overcome  the  particles,  but,  probably,  they  will 
intersect  them  or  "to  force"  through  matrix/die.  With  the  very  large 
distances  between  particles  (right  branch  of  the  curve),  when  in  the 

I interval  between  it  can  contain  itseli  several  dislocations,  their 

creeping  it  occurs  simultaneously,  that  also  cavses  an  increase  in 
the  creep  rate.  On  the  horizontal  section  AE,  the  creep  rate  does  not 
depend  on  the  distance  between  particles,  since  during  its  increase 
proportionally  grow/rises  acd  particle  size,  ir  consequence  of  which 
relative  value  of  free  path  for  movement  of  dislocation  it  is  not 


1 


changed. 


The  high  degree  of  dispersion  ot  particles  retards  of  creep  as  a 
result  of  the  fact  that  it  strongly  retards  of  return.  The  presence 
cf  dispersed  isolation  has  roticeable  erfect  also  on  the  course  of 
tecrystall  ization  in  alley.  On  the  basis  of  S.  S.  Gorelik's  data 
[16],  a large  number  of  dispersed  particles  cf  carbide  and  other 
isclation  can  considerably  raise  tbe  temperature  of  the  beginning  of 
recrystallization  and  ircrease  Tv:Taa  to  ~0.6. 

The  particles  of  excess  pnases,  oeing  located  in  finely 
dispersed  state,  block  the  ruclei  cf  recrystallization,  preventing 
their  growth.  The  processes  of  recrystalli zatic n hinder  as  a result 
cf  the  fact  that  the  particle  of  the  phases  of  the  isolation  whose 
specific  volume  differs  fret  the  volume  of  aatrix/die,  they  can  be 
located  in  the  state  of  precipitation  hardening.  In  heterophase 
alloys  the  process  of  recrystallization  is  divide/marked  off  as  into 
two  separate  processes;  crigin/conception/iritiation  and  increase  in 
the  nuclei  of  recr  ystal  1 i2ation.  Tbe  temperature  fj;  in  the 
supersaturated  solid  scluticns  is  actually  the  temperature  of  an 
intense  increase  in  the  nuclei  of  recrystallization.  Specifically, 
with  this  temperature  is  connected  noticeable  seftening  of  such 
alloys. 
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The  aore  thermostatic  ones  are  the  particles  of  isolation,  the 
higher  lowest  temperature  of  recrystallrzaticn  /«  ard  the  higher 
relaxation  life  of  alley. 

In  order  to  inhibit  stress  relaxation,  the  particles  of 
isolation  must  not  be  highly  dispersed  ones,  but  alsc  long  retain 
high  degree  of  dispersion. 

Page  28. 

Entangled  dislocation  networks,  that  are  formed  as  a result  of  the 
displacement  of  dislocations  in  different  directions,  are 
lew-mobility  and,  furthermore,  they  will  be  delayed  effectively  by 
finely  dispersed  particles.  Metal  with  tais  structure  stable  resists 
return,  creep  and  stress  relaxaticr. 

Cottrell  [7]  indicates  that  the  rate  ct  creep  strain  can  be 
estimated  by  the  ratio/re  laticn  to  the  rate  of  return  r to  the 
coefficient  of  strengthening  h:^en=“jj~y  Static  dispersed  particles 
have  powerful  effect  on  the  rate  of  return  t. 

During  stress  relaxation  in  the  temperature  range  in  which 
actively  are  developed  tie  processes  of  retirn,  this  it  has  high 
value,  since  strain  hardening  and,  consequently,  also  the  coefficient 


H I f i H i Till it 


cf  strengt hening  h,  as  it  was  shown  earlier,  considerably  less  than 
during  creep. 

The  stability  of  tie  sizes  of  the  particles  of  the  excess 
phases,  the  determining  intensity  cf  the  softening  of  alloys,  to  a 
considerable  degree  depends  on  the  nature  cf  these  phases.  Than  are 
thermally  more  stable  excess  phases,  ny  the  fact  less  actively 
continue  the  metabolic  processes  between  the  phases  of  isolation  and 
matrix  solid  solution  [18,  19]. 


Especially  one  should  stop  at  tue  role  of  the  fine/thin  (block) 
structure  of  metal.  Such  parameters  or  fine  structure  as  the 
size/dimension  of  subgrains,  the  angle  of  their  disorientation  and 
the  degree  of  the  blocking  cf  dislocation  bcundary/interfaces,  have 
specific  effect  on  the  creep  strength  and  relaxation  of  stresses 
[20].  The  formation  of  specific  dislocation  stricture  with  a large 
number  of  evenly  distributed  internal  dislocation  barriers  is  the 
essential  factor,  which  hinders  relaxation  xicro-  and  the 
racrostresses  (such  processes  in  the  following  presentation  we  will 
call  respectively  micro-  and  macro-relaxaticn)  . 


It  is  establis.h/instal  led,  that  more  prolonged  resistance  of 
relaxation  of  stresses  and  creep  at  elevated  texperatures  possess  the 
metals  and  alloys  with  [dygonal  structure  [2  1].  This  is  explained  by 
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the  fact  that  with  polygcnization  in  tne  structure  of  oetal  are 
formed  the  stable  dislocation  walls,  in  particular  if  the 
dislocations  are  blocked  by  foreign  atoms  [22,  s.  65].  In  this  case, 
the  important  value  has  a degree  of  noaogeneity  cf  polygonal 
structure  in  the  given  vcluie  cf  metal. 

Fage  29. 

In  connection  with  that  presented  tne  practical  methods  of  the 
creation  of  optimum  dislocation  structures  cf  relaxation  resistant 
alloys  in  connection  with  deserve  close  attention.  This  the  methods, 
which  consist  in  special  deformation- tnormal  treatment,  are  examined 
in  Chapter  VII,  p.  3. 

Thus,  the  relaxation  resistance  of  the  alleys,  intended  for  a 
work  in  the  "average/mean"  range  cf  temperatures  (from  0.25  to 
0,5  Tua),  is  determined. 

1)  by  atomic-crystallire  structure  and  type  of  crystal  lattice 
cf  base  metal.  For  example,  alloys  on  tne  basis  of  a-iron  with  BCC  by 
grate  possess  effective  relaxation  lire  to  600°C,  alloys  on  the  basis 
cf  y-iron  with  FCC  by  grate  - to  7C0°C,  and  alleys  on  the  basis  of 
nickel  - to  800°C. 
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2)  with  the  content  of  the  alloying  cell/elements,  vhich  form 
with  base  metal  stable  solid  solutions  and  which  facilitate  an 
increase  in  the  forces  of  interatomic  interaction  and  temperature  it 
tegan  recrystallizations  >. 

FCOTNOTS  1 . The  effect  cf  alloying  on  tue  relaxation  resistance  of 
different  alloys  is  exanined  in  Chapter  VI  . EKDFOOTNOTE. 

3)  by  heterophasal  natcre  of  alloys.  In  the  alley  must  be 
included  the  ce 11/eleme rts,  which  form  thermally  stable  joints,  the 
capable  ones  long  time  cf  retaining  coherence  with  basic  solid 
solution  is  possible  to  more  slowly  coagulate. 

4)  by  the  fine/thic  (bloc*)  structure  cf  metal,  which  forms  the 
internal  dislocation  barriers,  which  prevent  movement  of  dislocation, 
and,  in  particular,  by  the  presence  or  polygonal  structures  2. 

7 COTNOTE  2.  The  role  of  structure  factor  in  the  process  of  stress 
relaxation  is  described  in  detail  in  chapter  VII.  EN DF COT NOTE. 
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Page  30. 

Chapter  II. 

RELAXATION  OF  STRESSES  ANE  CREEP. 

By  creep,  according  to  A.  A.  Il'yusnin’s  proposition  [23],  is 
understood  the  phenomenon  of  change  in  time  cf  the  strains  and 
stresses,  which  appear  as  a result  or  the  leading  of  part.  In 
technical  literature  a chance  of  tie  strain  with  time  is  called 
strictly  creep  or  aftereffect,  and  a change  in  the  stresses  - by 
relaxation.  Creep  strain  in  turn,  they  divide  in«-o  reversible  and 
irreversible.  Utilizing  a term  "af tererrec t",  is  distinguished 
elastic  and  relaxation,  icreover  relaxation  is  usually  considered 
irreversio le. 

In  1968  Ya.  S.  Gintsburg  £24]  proposed  the  new  terminology, 
demarcating  the  processes  of  creep  during  tie  limited  and  unlimited 
overall  strain  and  these  caused  processes  changes  in  the  stresses. 
Creep  during  the  unlimited  overall  strain  is  rated  it  "unlimited 
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accumulati on  » (increase)  and  xnvariation  (constancy)  of  stresses. 


FOOTNOTE  1 . Term  "accu mulat icn  of  stresses"  answers  the  conventional 
concept  of  negative  stress  relaxation.  ENDFCCTNCTE. 


Thus,  the  process  cf  stress  relaxation  is  treated  by  Ya.  S. 
Gintsburg  as  limited  creep  only  with  decreasing  in  time  stress.  This 
contradicts  at  present  tie  single  approach  accepted,  which  makes  it 
possible  to  examine  different  special  feature/peculiarities  of  the 
behavior  of  material  uncec  conditicns  or  constant  or  insignificantly 
changing  of  the  overall  deformation  (with  net  absolutely  rigid 
loading)  . 


Raal/actually , the  eguation,  whrch  describes  creep  during  the 
assigned/prescribed  overall  strain,  rn  general  form 

9 

e0  = e,  + enjl  + e„ + ec  = -^-(1  + cE)  + j 

+ in„  4- 1„  (t,  o)  + ec  (t,  o)  (17)  ! 


makes  it  possible  to  corsider  ccly  not  uevelopirg  in  time  processes 
of  pure  creep,  but  also  strain  because  of  structural  changes  f0, 
which  to  separate/liberate  is  experimentally  difficult.  In  the  case 
of  the  structural  changes,  calling  the  decrease  of  volume,  ec<0.  but 
if  structural  processes  they  are  accompanied  by  an  increase  in  the 
volume,  then  ec>0 
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Subsequently,  examining  the  processes  of  creep  with  constant  and 
varying  stresses,  by  creep  strain  en  we  w;Jl  understand,  as  a rule, 
sum  of  the  strains  strictly  of  creep  anu  structural  component. 

The  p ortion/f racticn  of  creep  strain,  which  corresponds  to 
reversible  component,  after  the  ur loading  ct  s pecimen/sample  is 
decreased  in  the  course  of  time  r (Fig.  7)  . 

Real/actually,  if  le  at  certain  moment  of  time  unload 
specimen/sample  at  testing  temperature,  the  decrease  of  strain  at  the 
initial  moment  will  prove  tc  be  equal  to  elastic  deformation  o/F 
(BC) ; then  it  will  proceed  with  the  decreasid  rate  (CD),  which 
depends  from  initial  stress,  accumulated  creep  strain,  time  and 
temperature.  When  r - reversible  component  becomes  equal  to  zero. 

The  phenomenon  of  the  decrease  of  accuaulated  creep  strain  in 
time  is  usually  called  "reverse  aftereftact"  or  by  "reverse  creep". 

In  experiences  in  Johnson  [25]  was  estanlish/installed  the  linear 
dependence  of  the  deformation  of  reverse  aftereffect  on  initial 


stress 


Dependence  (19)  assumes  that  the  curves  at  the  first  (being 
unsteady)  stage  are  geouetcically  similar,  and  to  the  second  linearly 
they  depend  on  time  r. 
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Fig.  7.  Diagrammatic  representation  of  carve  of  creep  with  reverse 
aftereffect  daring  unloading. 


Page  32. 


Dnlike  formula  (19)  expression  (18)  assumes  the  similarity  of  curves 
cf  creep  for  all  ex tent/elc rga tic n . For  , C2  and  y are  proposed 
the  following  dependences: 


Qi  (o)  = At*; 

(20) 

Qt(a)  = Bo 

(21) 

Qt(o)  = Bem°, 

(22) 

Qt  (a)  = B sh  (mo); 

(23) 

'P  = 1 — exp[— C(o)t] 

(24a) 

’ — ln[l+  T 1, 

L C(o)J’ 

(246) 

where  A#  B,  k,  m - the  constants,  which  depend  cn  the  temperature 
whose  value  different  fer  oCctkp  and  o>Okp  ( a *p—  the  stress,  which 
corresponds  to  break  on  the  curves  of  the  dependence  of  the  maximum 
speed  of  creep  on  stress,  which  virtually  corresponds  to  elastic 
limit  a,). 
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In  the  simplest  case  of  the  constant  velocity  of  creep,  they 
set/assume  Qi=0. 

In  the  general  cast  cf  creep,  however,  in  the  course  of  time  are 
changed  both  the  strain  and  stress,  tor  the  analytical  description  of 
the  processes  of  creep  with  varying  stress  cn  the  basis  of  data, 
obtained  with  constant  stresses,  can  be  used  the  most  general  theory 
cf  creep,  which  connects  creep  rate  witn  stiess,  temperature  and 
certain  number  of  structural  parameters  in  number  of  which  can  enter 
time,  accumulated  creep  strain,  instantaneous  plastic  deformation, 
prehistory  of  loading  and  sc  forth  [^7]; 

i 

en  = ^(o,  (25) 

where  g1#  g 2,,-  some  structural  parameters. 

However,  the  use  of  gereral  theory  is  \irtcally  impossible  due 
to  difficulties  in  the  establishment  of  the  fori  of  the  function  F. 
Therefore  was  proposed  a secies  of  tue  particular  theories  number  of 
which  includes:  1)  the  theory  of  aging  L 26 , 27  ];  2)  the  theory  of 
flow  [ 28,  29  ];  3)  the  theory  of  strengthening  [ 27,  28];  4)  the  theory 
cf  plastic  heredity  [27];  5)  combineu  theories  [30-32];  6)  theory 
with  structural  parameters  [ 33,  34  ]. 
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The  experimental  deck  of  the  validity  of  hypo-those  these,  for 
example,  by  the  comparison  cf  the  calculated  and  empirical  curves  of 
relaxation,  many  carried  out  in  investigations  [27,  28,  35,  36  ], 
still  did  not  make  it  possible  in  the  general  case  to  give  the 
preference  of  any  of  the  theories  indicated  above. 

1.  Theories  of  creep. 

Theory  of  aging. 

After  assuming  that  with  varying  stresses  creep  strain  is 
determined  only  by  time  and  stress  at  given  ter  que/m  omen  t,  we  will 
obtain  the  fundamental  equation  of  the  theory  cf  the  aging 

e„  = /(a.  t),  (26) 

the  describing  behavior  cf  material  at  constant  temperatures.  The 
physical  essence  of  the  theory  of  aging  consists  under  the  assumption 
about  the  fact  that  accumulated  creep  strain  under  conditions  of  the 
application  of  the  assicned/prescr  ibed  load  is  unambiguously 
determined  by  the  structural  state  or  metal.  In  connection  with  this 
the  theory  of  aging  considers  the  structural  changes,  which  occur  in 
metal  during  operation,  and  considers  them  determining  that  and  it  is 
basic  contradiction  to  theory. 


▼1 
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The  theory  of  aging  peeves  to  be  uusaitatle  for  description 
creep  with  sharply  alternating  loads.  Beal/actually,  from  this  theory 
it  follows  that  the  decrease  of  load  to  zerc  leads  tc  the  complete 
disappearance  of  accumulated  creep  strain.  Furthermore,  a sharp 
increase  in  the  stress  in  the  process  or  testing  causes  the  formation 
of  the  very  considerable  instantaneous  deformation,  which  corresponds 
to  a difference  in  accumulated  at  the  moment  of  time  r creep  strains. 
The  theory  of  aging,  it  gees  without  saying,  dees  not  describe  also 
reverse  creep  and  effect  cf  preliminary  instantaneous  plastic 
deformation. 

Theory  of  flow. 

The  theory  of  flow  is  instituted  ou  the  assumption  that  the 
creep  rate  is  unambiguously  determined  uy  stress  and  time,  i.e., 

Bn=/(O.T).  (27) 

Page  34. 

The  theory  of  flow  just  as  the  theory  of  aging,  is  structurally 
sensitive;  however,  it  is  free  freu  the  nuater  cf  deficiencies  by  the 
latter.  The  theory  of  flow  also  does  not  describe  reverse  creep  and 
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effect  of  preliminary  i rstantaneous  plastic  def  crmat  ion. 


There  are  various  forms  of  equations  cf  the  theory  cf  flow. 

Thus,  for  instance,  for  the  separate  description  of  the  stages  of  the 
steady  and  transient  creep  is  utilized  tne  expression 

+ «.<“>■  i27** 

at 

Theory  of  strengthening. 


According  to  the  theory  of  st rengthen ir g,  the  creep  rate 
unambiguously  is  determined  accumulated  oy  creep  strain  and  by 
stress: 

«n  = /(«!„,  O).  (28) 

The  theory  of  strengthening  assumes  that  in  the  process  of  creep 
test  occurs  strengthening  material,  determined  only  accumulated  by 
creep  strain. 
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Key:  (1).  HN/m2  (4  lcg/mm2).  (2).  Deformation.  (3).  Time,  h. 

Fig.  6.  Curves  of  creep  cf  steel  X23n16  at  150  and  800°C  in  initial 
state  (1,  4)  and  after  ftclcnged  aciug  (2,  3,  5): 


Houep 1 

KpHBOfl 

(n 

Crapemie 

o.  %/ifi 

1 

1,9- ID- 1 

2 

750®C,  2000  <£ 

' 9-10  4 

3 

75o°C.  5000 

1 • 10_ 1 

4 

- 

24-10~ * 

5 

800®C.  5000  hA 

I 

')  6 IQ- 4 

Key:  (1).  Number  curved.  (2).  Aging,  i jj  . h. 
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Different  structural  changes. 


which  occur  during  testing  (isolation 
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cr  dissolution  of  the  strengthened/hardene d phase,  recrystallization, 
coagulation  of  dispersed  phase,  leading  to  the  softening  of 
material),  by  the  theory  cf  strengthening  are  net  considered. 

Thus,  for  instance,  prolonged  holding  with  leu  voltages,  calling 
structural  changes  in  tie  material  anu  leading  to  change  creep 
strength  (Fig.  8),  during  the  use  cf  theory  of  strengthening  for  the 
evaluation  of  creep  rate  with  the  subsequent  increase  of  stress  are 
net  considered,  if  durirg  testing  with  low  voltages  it  was  not 
accumulated  any  noticeatle  creep  strain. 

The  theory  of  strengthening,  just  as  the  theories  of  aging  and 
flow,  does  not  describe  reverse  creep  and  effect  of  preliminary 
instantaneous  plastic  deformation. 

Theory  of  plastic  heredity. 

Unlike  the  theories  of  aging,  flow  and  strengthening,  the  theory 
of  plastic  heredity  considers  the  prehistory  cf  loading. 

Widest  use  for  describing  creep  of  aetals  obtained  the 
generalization  of  the  equations  of  tue  tnecry  of  heredity  to  the  case 
cf  nonlinear  creep  in  the  fcrmulaticu  or  YU.  N.  Rabotnova: 

<p(e)  = a(T)+  [K(T-T*)o(t»)dT\  (29) 

0 
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■here  e=ey+ef,.14-en  - full/total/ccup Jete  uefcimati.cn;  K(r-r^/-  the 
nucleus  of  aftereffect,  characterizing  tae  xeasure  of  effect  on  the 


deformation  cf  the  unit  stress,  tihica  acted  dcrirg  unit  time  interval 
at  earlier  torque/ moment  r*. 


Integral  in  expression  (29)  is  tae  sum  cf  voltage  influences  a 
indicated  at  the  different  moment  cf  tiaie  [<p(e»  - the  stress,  found 
from  the  curve  of  instantaneous  deformation  during 
full/total/complete  defcrmaticn  e|.  Beai/actua  lly,  if  aftereffect 
time  r is  small,  integral  is  equal  to  zero  and  we  have  eguation  of 
the  curve  of  instantaneous  deformation. 


a = cp  (e). 
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Expression  for  the  nucleus  of  artereffect  can  be  found  from 
experiments  to  creep  with  ccrstant  stresses. 


Then 


q>(e)  = o + o J /C(t  — 


After  designating 


t*)  <h*  = G (t), 
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we  will  obtain 


O (T)  _ y («)  - g = g + «n  (T)g(T)«-g  = C„  (T)  E (T)»  ^ 


where  E*  - tangent  modulus. 


When  <p(e)<CTy  we  have  E*=E.  Por  materials  with  the  linear 
strengthening  E*  - constant,  time-inuependent.  Then  the  nucleus  of 
aftereffect  can  be  found  by  differentiation  of  equation  (3  1)  with  the 
substitution  of  formula  (32):  K (*  — t*)  = |e„(T  — x*)  E*  (x  — t*)+ 

+ e„  (t  — t*)  J • (33) 

The  theory  of  plastic  fceredity  makes  it  possible  to  describe  the 
phenomenon  of  reverse  creep. 


During  testing  under  ccnditions  of  constant  stress  at 
torgue/moiaent  before  unloading  from  (29)  we  have 

<P(e)  = <r,fl+G(T0)l. 


At  torque/moment  r0*Tt 


Curing  the  unloading 


q>  = o#  \ K (t0  4-  t,  — t*)  dx*  = 

a 

= °a  [G  (t0  + *i)  — G (tx)]  . 


*a). 


Fage  37. 
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The  strain  of  reverse  creep  et  (see  Fig.  7)  [from  expressions 
(34)  and  (34a)  ] is  proved  tc  be  equal  to 

8,  = e„-^ 8 = -^-[0(t#)  + G(t1)-G  (t,  + t0]  . (35) 

The  examination  of  equation  (35)  suovs  that  is  symmetrical 

relative  to  the  torque/ xc Berts  of  time  r„  ard  -r  t and  proportional  to 
stress  (Jo-  These  conclusions  are  continued  experimentally  in  works 
[25,  32]. 


When  r ->  • creep  strain  is  ptcveu  to  he  completely  reversible: 

o. 

ei  = eA — ~£~  t that,  as  is  kncwn,  it  ccntraaicts  experiment.  The  second 
contradiction  to  the  thecry  of  heredity  is  developed  durinq  an  abrupt 
change  in  the  load:  as  a result  of  nonlinearity  q>(e)  an  increase  in 
the  deformation  during  an  i rstantaneous  change  in  the  load  is 
nonlinear  connected  with  an  increase  in  the  lead,  which  contradicts 
experiment. 


Combined  theories. 


As  already  was  noted,  cnly  the  tueory  cf  heredity  makes  it 
possiole  to  describe  reverse  creep;  nowever,  the  conclusion  of  this 
theory  of  f ull/total/complete  reversioii.it y creep  strain  contradicts 
all  known  experiments  in  the  investigation  cf  creep  of  metals.  In 
connection  with  this  in  recent  years,  were  advanced  the  combined 


theories,  making  it  possible  to  describe  reversible  component  of 
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component/ link. 

Theories  with  the  structural  parameters. 

As  can  be  seen  from  that  presented  aocve,  rone  of  the  theories 
cf  creep  can  describe  ertire  diversity  of  the  behavior  of  material 
ever  a wide  range  of  temperatures.  One  of  the  reasons  for  this  - 
impossibility  to  indicate  from  the  positions  cf  phenomenological 
representations  the  sig r/cr iteria,  wnicn  characterize  the  structural 
state  of  metal. 

Formal  of  this  it  is  possible  to  avoid,  after  introducing  into 
the  equation  of  creep  certain  number  of  structural  parameters  q, 
[27]: 

e„  = /(o,T,<71,<;t qn).  (37) 

Were  proposed  following  theory  creeps  hith  one  structural 
parameter  [ 27,  34,  30  ]. 

Theory  of  strengthening,  which  considers  temperature  softening 
in  the  process  of  creep  test  [ 27], 

After  placing 

dq  = dt„  + cdx,  (38) 


where  c - coefficient,  thich  character izes  the  rate  cf  softening 
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creep  witn  the  aid  of  the  theory  of  heredity,  and  irreversible 
component  - with  the  aid  of  the  theory  of  strengthening  [30,  31]  and 
of  aging  [ 32  ]. 

The  use  of  the  combined  theory  in  the  formulation  of  G.  I. 
Eryzgalin  [31]  for  describing  the  behavior  cf  material  with  varying 
stresses  requires  deternining  the  characteristics  of  creep  with 
constant  stresses  and  the  characteristics  of  reverse  creep.  The 
combined  theory  in  the  formulation  or  Ye.  A.  Zeyn  [30]  is  instituted 
on  the  proposed  by  the  author  rheological  model  of  creep,  which 
consists  of  the  componert/1  ink  cf  Paxweil  and  certain  number  of 
^el'vina  “ Voigt's  compcnent/links  (see  Chapter  I);  Maxwell's 
component/link  it  simulates  irreversible  component  of  creep,  the 
component/ links  of  Kelvin  - Voigt  - reversible. 

Page  38. 

The  nucleus  of  aftereffect,  according  to  this  model,  takes  the 

form 

K (t  - 1*)  V J—  exp  [ T<)  | , (36V 

hi  L n<  i 

where  £<  and  - stiffness  coefficients  and 

ductility/toughness/visccsity  of  kel'vina  - Voigt's  £-th 
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where  c#  ~ initial  stress;  - factor  of  the  defectiveness  of 
material,  depending  on  testing  temperature , we  will  obtain  the 
following  modification  cf  the  law  cf  hardening  in  equation  (hi): 

en  En  = K exp  |-J  ( 1 +•  K en)|  - (44* 

Theory  of  flow  and  strengthening,  wnicfc  consider  softening  or 
strengthening  with  of  creeps,  caused  by  the  instantaneous  plastic 
deformation,  accumulated  in  the  process  of  testing.  For  describing  of 
strengthening  or  softening  under  conditions  of  creep  of  the 
heat-resistant  alloys,  vhich  undergo  in  the  process  cf  testing  the 
effect  of  instantaneous  plastic  strain  (a>0y),  it  was  suggested  to 
utilize  in  the  equations  cf  creep  as  the  structural  parameter  an 
amount  of  accumulated  instantaneous  plastic  deformation  (<?„.,)• 

For  the  case  of  the  sisilarity  of  curves  cf  creep  with  different 
degree  of  work  hardening  at  the  stage  or  transient  creep,  certain 
function  S from  the  structural  parameter  can  be  introduced  as  factor 
to  the  first  member  of  expression  (21b). 

Page  40. 


On  the  basis  of  processing  experimental  data  on  creep  with 


T 
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constant  stresses  [34]  is  recoamendeu  tue  following  expression  for  S: 

s = i+Me°™-/(0>]r-  (45) 

where  f {a)  - the  amount  cf  plastic  deformation,  which  corresponds  to 

stress  a,  according  to  stress-strain  curve;  h and  r - constant. 

In  the  case  of  strengthening  h<0,  while  in  the  case  of  softening 
h>0.  keal/actually , after  accepting  tor  describing  the  curves  of 
instantaneous  deformaticn  the  eguation  of  the  fern 

-T  + “(^  (46> 

where  o and  g - constant,  ay  - elastic  limit,  we  will  obtain 
S=l+A[a(^)*_/(a)]\  (47) 

where  amax  ~ the  stress,  which  causea  the  fcrmation  of  plastic 
deformation 

For  8=flmuS  = 1.  Hence  f(o)=a(-~)f.  It  was  shewn,  that  the 
expression  for  S retains  its  form  for  the  different  values  of  stress 
and  does  not  depend  on  accumulated  creep  strain. 

One  should,  however,  note,  that  expressions  (45)  and  (47)  are 
valid  only  for  the  limited  values  8°Ut  wnich  do  not  exceed  3-5o/o. 

The  proposed  expression  for  functioning  the  structural  parameter 


4*.m 


•A 
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(c<0)  , and  after  making  an  assumption  auout  the  fact  that  c=-pq,  we 
will  obtain 


Kith 


dq  = de„  — [Ufdi. 

o = 0,  e„  = 0,  dq=—[uqdx 
q = qx  exp  (—jit), 


(39) 

(40) 


where  r is  counted  off  frcm  the  torque/moment  c£  unloading  (when 
En  = Ent) • It  is  hence  obvious  that  */p  can  be  considered  as  the 
characteristic  time  of  softening.  If  this  tiie  is  sufficiently  great, 

then  qxe n- 


Eage  39. 

After  accepting  equation  (39)  and  tollcwing  analytical 
expression  for  the  law  of  hardening: 

e„  *n  = K exp  (al  A),  (41) 

we  will  obtain  the  equation,  which  makes  it  possible  to  describe 
creep  cf  the  softened  material: 

rf+l  + qq  = Kexp(o,'A).  (42) 

Theory  of  strengthening,  which  considers  defectiveness  in  the 
process  or  testing  [30].  After  accepting  the  lircar  dependence  of  the 
actual  stress  in  s pecimen/saiple  from  tne  amount  of  accumulated  creep 


strain 


o = o0(l  + kiln). 


(43) 


I/I 


retains  its  form,  also,  fcr  a creep  Late. 

Thus,  the  eguation  of  the  theory  or  f leu  kith  the  structural 
parameter  can  be  obtained  as  a result  or  the  following  modification 
cf  eguation  (27a): 

~ =Qi  (o)  -V£'x-)  S + Qt  (a).  (48) 

aT  OT 

For  using  formula  (48)  within  tne  iramewcrk  of  the  theory  of 
strengthening  from  it  it  is  necessary  to  eliminate  time  by  the 
substitution  of  the  cor  res  pending  values  frem  the  eguation 

*«*Qi(o)'FS  + Qi(o)t.  (48a ' 

Fage  41. 

2.  On  comm  unication/conrect  ion  of  reiaxati.cn  of  stresses  and  of 
creep. 

Theories  described  above  of  creep  allow  for  the  basis  of 
experimental  data  on  creep  kith  ccrstant  stresses  to  design 
relaxation  curves.  Such  calculations  can  be  performed  graphically  and 
analytical ly. 


Subseguently  will  te  examined  tne  conditions  of  ideal 
relaxation,  when  during  leading  prior  to  the  relaxation  test  of  creep 


DOC  = 78153902 


PAGE  43- 


it  is  not  observed  [39]. 

The  equation  of  pure  relaxation  can  be  ofcteined  from  the 
differential  equation 

Etn.  (49) 

di 

Assuming  that  en  **  dees  not  depend  cr  tiae  [stationary  creep 
en=Q2(o)],  and,  after  integrating  expression  (49)  under  initial 
conditions  r=0,  #=«0«  H€  will  obtain 

1 f da  (50) 

£ J <?»(<*) 

a. 

Let  us  take  the  form  of  the  depenuences  en  on  the  stress  in  the 
form  of  the  formulas,  proposed  by  Rorton,  Ijudvik  and  Nadai, 
respective ly 

e„  = Atf,  (51a) 

e„  = Bek° , (516) 

en  = Csh(m1o),  (51b) 

where  A,  3,  C,  •(,  k,  at  - constant. 

Then  from  relationship/ratio  (50)  we  obtain  formulas  for 
determining  the  relaxation  time  respectively/  for  equations 
(51a)- (51c)  [50]: 


temperatures  when  remaining  stress  (*)  rs  considerably  lcwer  than  the 


initial  (a  0)  , relat  ions  1 ip/rat  ios  ( 52 ) — 1 5 4 ) arr  simplified: 


l 

T = — , 

(/  — 1)  /1£a,— 1 


(52a) 

(53a) 

(54a) 


Formulas  (52)  and  |52a)  are  valid  with  (^1.  With  £=  1 the 
solution  of  equation  (49)  is  ccnverteu  into  the  known  equation  of 
Kaxwell: 

*^=-ko,  (55) 

di 

the  having  solution 


a = o0exp(— At).  (56) 

According  to  equation  (52a),  relaxation  curve  can  be  represented 


in  the  form  of  straight  line  in  the  auai  logarithmic  coordinates  lg 
o-1g  t.  In  accordance  with  equations  I5aa)  and  (54a)  during  some 
limitations  relative  to  constants  m,  ana  C relaxation  curve  can  be 
represented  in  the  form  of  straight  xiue  with  semiloga rith mic 
coordinates  o-1g  r.  And  finally  according  to  equation  (56),  must  be 
observed  linear  dependence  in  coordinates  1g  «-r. 

However,  the  absence  of  the  ansteau/  stage  of  creep  is  observed 
only  under  conditions  of  rapid  creep  ana  only  at  very  high 
temperatures. 

The  expressions,  which  describe  relaxation  processes,  were 
refined  by  a number  of  the  authors.  Formula  (56)  was  modified  by  B. 

M.  Rovinskiy  and  to  V.  G.  Lyuttsa  [40J  uy  the  introduction  of 
exponent  p,  named  plasticity  index  or  index  of  the  relaxation 
compliance/pliability: 

a — o0  exp  i — . (57) 

The  comparison  of  test  results  with  the  values  *(r)  , obtained  by 
calculation  according  tc  formula  (57),  it  is  shewn,  that  p varies 
frem  0 to  1 depending  or  the  concentration  cf  alloying  ingredients, 
value  of  residual  deforsaticn,  temperature,  hardness  [41,  s.  271], 


Page  43. 
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Another  attempt  to  refine  the  formula,  which  describes 
relaxation  curves,  was  made  by  Eaushis  [4  1,  p.  33].  After  presenting 
formula  (52)  in  the  fori 

i 

a = o0[l  + (l-\)AE  Toi"1]1-'  (58) 

and  after  replacing  AE  with  the  prcposeu  [IS]  eipression 


AE=-2-(c  + — V"). 

b + t V 1 + 16  V 


(59) 


was  obtained  the  following  empirical  dependence: 

„ = ,60, 
where  a,  b,  c and  t - constants. 

For  the  determination  cf  the  equations  of  relaxation  in  general 
form,  it  is  necessary  tc  accept  the  other  cce  cr  hypothesis  of  creep. 

From  aforesaid  are  visible  the  vital  differences  for  resistance 
of  relaxation  and  creep  under  conditions  of  prclcnged  service  lives. 
Creep  strain,  accumulated  it  the  service  life  cf  material,  as  a rule, 
in  essence  is  determined  by  the  strain,  accumulated  at  the  steady 
stage,  since  creep  at  tie  unsteady  stage  is  comparatively  small. 
Relaxation  resistance  is  determined  to  a considerable  extent  by  creep 
rate  at  tne  unsteady  stage. 

Host  characteristically  this  is  developed  cn  titanium  alloys 
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whose  steady  creep  rate  in  the  range  of  the  teiperatures  of  strain 
aging  (300-350°C)  is  close  to  zero. 

In  the  investigated  in  work  [ 42J  alloys  of  brands  AT-3  and  VT-8, 
is  reveal/detected  the  liwit  of  relaxation  ar,  characterized  by  the 
feint  of  intersection  of  straight  lines  Ao— oo-rr^  appropriate 
r=const,  on  axle/axis  oo/oj_2. 

FCCTNOTE  > . - yield  pcint  at  temperature  T.  ENDFOOTNOTE. 

Kith  an  increase  in  the  temperature,  ratio/relation  ar/oJ2  decreased 
at  300-350°C.  However,  at  these  temperatures  value  La  proved  to  be 
considerably  less  than  ct  2C  and  450°C. 

Fage  44. 

In  connection  with  that  presented  when  development  of 
relaxation-resistant  materials  and  selecting  of  the  cond it-ions/mode 
cf  their  heat  treatment,  considerable  attention  should  give  to  an 
increase  in  the  creep  strength  not  only  in  that  being  steady,  but 
also  at  the  unsteady  stage. 

Simple  is  the  graphic  wethod  cf  the  plcttirg  of  curves  of 
relaxation  in  accordance  with  the  theory  of  agirg  on  the  basis  of 
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isochronal  curves  (Fig.  9) . Feal/actualiy,  after  dropping 
perpendicular  to  the  axle/axis  of  abscissas  fcc«  the  point  of  the 
curve  of  instantaneous  defcraation  (r=0)  , that  corresponds  to  the 
torque/mom ent  of  loadinc,  we  will  cbtaiu  at  pcirts  of  intersection 
with  isochronal  curves  7 = rlr  r=r2  anu  so  fcrth  the  appropriate  values 
a t . 


According  to  the  tteory  of  flew,  tua  graphic  plotting  of  curves 
of  relaxation  on  the  basis  cf  knowr  curves  cf  creep  at  k values  a can 
te  produced  as  follows  [43]. 


After  replacing  in  equation  (49)  differentials  with  finite 

differences,  we  will  obtain 

£e'„.  (61) 

Ax 

The  interval  of  integration  let  us  breax  into  sections 

Ao<=<7<+ i — (»=0,  1,  2,  k — 2).  for  an  t-tfc  interval  we  have  the  difference 

relationsh ip/ratio 


At,  = 


. l 

®n  («»i.  <t)  ’ 


(62) 


where  value  en(0(.  t<)  - rate  of  change  to  curve  cf  creep  when 
o = Oj,  x=ti-  Consecutively  transf er/convert  inc  frem  one  interval  Ac,  to 
another,  it  is  possible  thus  to  cctstruct  ectire  curve  of  relaxation. 


In  work  [43]  is  proposed  the  netnod  of  graphic  interpolation. 
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which  makes  it  possible  tc  manufacture  the  constructions  indicated 
with  the  limited  number  cf  experimental  curves  cf  creep. 

Page  45. 


After  changing  over  the  curves  or  creep  and  the  curves 
dependences  of  the  deformation  rate  on  time  into  curves  en=^(En)  for 
different  stresses  and  accepting  time  interval  ty  equal  to  Ar,  we 
consecutively  calculate  values 

A a = EAe  = Et  Ax,  (63) 

i n-  uj 

where  value  is  determined  for  a curve,  that  corresponds  to  the 

i— i 

previous  value  a,  and  it  answers  accumulated  creep  strain  eD  =2  en  . 

k-i  * 

Let  us  examine  the  analytical  methods  cf  the  plotting  of  curves 
cf  relaxation  in  the  presence  of  elastic  ccapcnent/link  with 
ccmpliance/pliabil ity  e. 

According  to  the  ttecry  of  aging  from  the  equation  of  the 
relaxation 

e„  + -j(\+cE)  + «„*  + «<  = %=  *-Q+cE)  + t„,  (64) 

tf 

where  c = — ;E  - area  oi  specinen/sample ; \o  ~ its  length,  we  have 
•0 

+cE)  = en(a,T)  + ee(o,x)=QI(a)Y+Q1(o)r.-  (64a) 

After  accepting  the  similarity  or  curves  cf  creep  and 


Mb 


the  power 
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dependency  of  creep  strain  cn  the  stress 

e„(o,T)  = Q1(T)om, 

tie  will  obtain 

EQll-0  -*-1  = i-P 
1 + cE  0 p"»  ’ 


(65) 

(66) 


where  p=»/*0. 


After  differentiation  cf  expression  (64)  we  will  obtain  equation 
for  determining  stress  relaxation  from  the  theory  of  the  flow: 


' _ da  1 + cE 


dx 


(67) 


It  differentiated  (65)  and  after  suostituting  into  formula  (67), 
after  integration  we  will  cttain 

p = (i  + (w7+f°>(T)  (“) 

From  expression  (66)  it  follows  that  with  an  increase  in  the 
initial  stress  and  the  decrease  of  compliance/pliatility  descends  the 
value  p.  Between  the  expressions,  which  describe  relaxation  on  the 
hypothesis  of  flow  and  the  hypothesis  or  constant  velocity,  there  is 
speci fic  ccmmun icat ion/c cnnect ic  n . 
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After  accepting  the  expression 


e„  = fl(T)q>(o), 


(69) 
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Since  B$(o)  - the  cate  of  steady-state  creep,  comparing  formulas 
(50)  and  (72),  we  see  that  kith  r>r*  the  relaxation  over  the  theory 
cf  flow  occur/f low/lasts  just  as  relaxation  over  the  theory  of  steady 
creep,  but  with  the  rediced  initial  stress. 

According  to  the  theory  of  st reugtnan ing,  the  process  of 
relaxation  is  described  as  fellows. 

Page  47. 


After  substituting  in  (67)  expression  (28),  after  expressing  in 
it  t,i  from  the  condition  cf  relaxation  (64): 


Fn  ~ Fa 


(1  + CE). 


(73) 


we  will  ootain  differential  equation,  wuich  describes  the  process  of 
relaxation  according  to  the  theory  or  tna  strengthening: 
da  E 


dx 


1 +cE 


80  — 8m  — — (1  + CE) 


. • (74) 


As  an  example  let  cs  examine  the  equation  cf  relaxation  for  the 
law  of  hardening  in  the  form  of  equation  (41).  Substituting  in 
expression  (41)  value  en  from  condition  (67)  and  en  froi  (74)  and 
integrating,  we  will  obtain 


t = 


I +c£ 


jje*  — e„„ — j (1  + cE) 


<5 

k A 


da 


(75) 


or 


• = (AJ  +x  L±£*  exp  [-  f xY dx,  (75a) 
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where 


2 E (fo  *nj)  — a (1  -j~  CE) 


The  equation  of  relaxation  for  the  theory  cf  heredity  can  be 
obtained  from  expression  (29),  solving  the  integral  equation  of 
Vclterra  relative  to  stress.  Then  we  have 

T 

o(t)  = cp(e)—  | f(r  — T*)q>(T*)hT*,  (76) 

0 

where  G(r-r*)  - the  resclvent  cf  tie  nucleus  of  aftereffect  K(r-r*) 
After  assuming  e = eo  = const,  we  will  obtain 


a (t)  = (p(e0)  [ 1 — [ f(r  — r*)  dr* 


Since  (p(eo)=0O,  the  equation  or  relaxation  for  the  theory  of 
heredity  takes  the  form 


where 


a = o0  [ l — R (t)]  , 


R (t)  = | r (r  — r*)dr*. 
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The  examination  of  expression  (78)  shows  that  relaxation  carves 
are  similar. 

The  equation  of  relaxation  within  tne  framework  of  combined 
theory  £8]  for  the  simplest  case  of  model  with  cne  ccaponent/1 ink  of 
Kelvin-Voigt  find  following  form. 

It  differentiated  equation  of  state 

6 (T) = + 8n + j i exp  [£j  (T^ ~]  q (T>)  W 


we  will  obtain 


(8I> 


where  Ep  = £*‘£| 

9 E'+Et 


the  completely  relaxed  modulus  of  elasticity. 
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Disregarding  some  terms  and  after  eliminating  from  examination 
comparatively  short  relaxation  times,  it  has 


T 


<*T 

l C fo 


£p  J.  «n(«.*n.T) 
°0 


(82) 


where  = <V 
^0 

Can  be  placed  the  inverse  problem:  construct  in  the  curves  of 
relaxation  (pure/clean  and  with  elastic  co m( cne nt/li nk)  curves  of 
creep  with  constant  stresses. 

Thus,  for  instance,  according  to  tne  theory  of  flow,  creep 
strain  determines  as  follcws  [32],  Let  us  accept 

e„  = fi(T)a",  (83) 

e"  + ey  = eo-  (84) 


It  differentiated  expression  (84)  and  integrating  the  obtained 
differential  equation,  *e  will  cbtain  after  seme  conversions  the 
following  expression,  which  describes  tue  process  of  the  relaxation 


P--J  = [l+(m-  l)Eo»->  f fl(T)dt] 


1—  m 


(85) 


DOC  = 78153903 


PAGE  / 


%\ 


Page  49. 

Eearing  in  mind  that  oJ,|fl(x)dx=en(t)  witn  <r0  = ccnst,  and  oo/£=eo,  we 
will  obtain  the  following  eguation  of  creep,  which  determines  value 
«n(T)  through  the  characteristics  cf  relaxation  and  constant  m: 

(86) 

Expression  (85)  for  experiments  to  the  relaxation  with  elastic 
component/link  with  com  p liance/pliabiiity  c = ±L  takes  the  form 

a 

p = [1  + E<ro~l  jB to*]*115.  (87) 

0 

Knowing  the  compliance/pliability  of  elastic  component/link  and 
after  conducting  s imulta neor s experiments  with  <r0=const,  under 
conditions  of  pure  relaxation  with  elastic  ccmp  cnent/link,  we  will 
obtain  from  equation  (87)  expression  rot  determining  the  constant  a: 
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where  a aad  a.—  end  stress  in  experiments  cn  pure  relaxation  and 
relaxation  with  elastic  comp onent/link  respectively. 


On  the  basis  of  the  theory  of  aging  curves  of  creep  can  be 
obtained  from  relaxation  curves  by  suffxciectly  simple  graphic 
constructions,  which  are  reduced  to  the  construction  of  the  diagram 
of  a deformation  of  the  type,  giver  to  Eig.  9.. 


a 

< _ . 

°0  y 

s*’!  r 


"i  i 
i i i 


Fig.  9.  Schematic  of  the  plctting  of  curves  of  relaxation  on  the  data 
cf  creep  in  accordance  vith  the  theory  of  acing. 
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3.  Experimental  data. 
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One  of  they  are  first  studies  in  which  was  conducted  the 
comparison  of  experimental  and  calculated  ctrves  of  relaxation,  is 
Eavis's  work  [44],  Esta 1 1 ished/ i nstaileu  satisfactory  conformity  of 
the  curves  of  the  relaxatior  of  copper  with  20°C,  obtained  on  base 
0.  1-1000  h . 


The  equation  of  the  relaxation 


effr  — «>" 

J a* 

a. 


da 


(89) 


was  obtained  and  the  ap p roximation  oi  curves  cf  creep  in  the  form 

tn  = klap,+'Tp'+'  (90) 

and  of  differential  equsticn,  corresponding  tc  the  hypothesis  of  the 
strengthen ing: 


e 


n 


(91) 


However,  the  results  of  the  tests  of  ccppct  with  165°C 
tadly/poorly  were  described  with  the  aiu  of  formulas  (89),  (90).  At 
elevated  temperatures  better/best  conformity  give  calculations 
according  to  formula  [4!]: 


to  the  brought  out  on  basis  theory  or  stre ngther ing  and  approximation 
cf  data  according  to  creep  in  the  form 


e„  = /fe  {ea/s  — 1 ) xm.  (93) 

Calculations  according  to  the  theory  cf  the  flow  of  distance 
understated,  and  on  the  hypothesis  of  aging  the  high  values  of  the 
remaking  stress  (Fig.  10)  . 

The  calculations  of  the  curves  of  tae  relaxation  of  steel  30KhHA 
at  500°C  carried  out  in  wcrk  [46]  through  tie  theory  of 
strengthening.  The  duration  cf  creep  tests  and  relaxation  comprised 
100  h. 

Page  51. 

The  specimen/sa mples  prior  to  testiny  were  subjected  annealing  for  1 
h at  temperature  of  600°C. 


For  Calculation  was  utilized  the  approximation  of  carves  of 
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creep  in  the  form  of  the  formula,  escape/ensuing  from  the  law  of 
hardening  in  the  form  of  expression  (4  1): 


(94) 


where  m-1/fiex^L 

ta  from  formula  (94)  it  follows  that  in  the  dual  logarithmic 
coordinates  of  the  dependence  en  cn  r they  are  depicted  as  straight 
lines.  However,  it  turned  out  that  the  coefficient  of  strengthening  X 
and  constant  A depend  or  stress. 

Were  calculated  relaxation  curves,  according  to  expression 
(75a),  for  the  constant  average  values  m=0.E2S,  k=2. 766*  10 -*  <>  1/h, 
A=29.4  A4N/m2  (2.94  kg/m«2)  taking  into  account  the  linear  dependence 
n and  A on  stress. 

tat  the  comparison  of  calculated  ana  experioertal  curves  showed  that 
communication/connectior  between  creep  and  stress  relaxation  in  steel 
30KhMA  at  500°C  satisfactorily  is  described  in  accordance  with  the 
theory  of  strengthening.  The  accur acy/precisicn  of  the  obtained  on 
base  100  h results  does  not  exceed  tne  limits  of  the 
accuracy/precision  of  tie  approximating  foiaulas,  which  were  being 
applied  during  processing  of  experimental  cata. 
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Separate  experiments  to  relaxation  carried  out  also  under 
conditions  of  previous  creep  (~0.25o/o  after  25  h)  . The  fact  of  the 
re t ar d in -j/ dece lera t ion/ d e la y of  relaxation  fcy  previous  creep  is 
explained  with  the  position  of  the  tueory  cf  strengthening. 


Fig.  10.  The  curves  of  the  relaxation  or  ccpper  with  165°C,  v„=94. 5 
Mn/ib*  (9.45  leg/nun*)  [45]:  1 - experimental;  2 - according  to  the 
theory  of  strengthening;  3 - according  to  the  theory  of  flow;  4 - 
according  to  the  theory  cf  aging. 


Key:  (1).  MN/m*.  (2).  Icg/mm*.  (3).  Time,  h. 
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Comparatively  small  preliminary  short-term  plastic  deformations  of 


steel  30  Kh  MA  did  not  lead  tc  the  same  strengthens d/har dened  effect, 
as  the  strain  of  the  sase  value,  but  accumulated  in  the  process  of 


creep. 


However,  as  it  was  shown  by  investigations  cf  one  of  the 
authors,  with  an  increase  ir  prelivinary  plastic  deformation  (c^,) 
resistance  of  relaxatior  prcved  to  he  dependent  cn  ej^.  As  can  be 
seen  from  Fig.  11,  prelininary  plastic  uafcimaticn  to  3o/o  with  a 
temperature  of  the  subsequent  relaxation  test  (700-800°C)  led  to  the 
noticeable  decrease  of  the  values  cf  the  reoaining  stress  of  alloys 
cn  the  nickel  basis  of  hrands  KhN70VMYuI',  KbN70VMFTYu,  Kh7 5VMF Yu . 
This  is  explained,  obviously,  by  the  decrease  cf  the  creep  strength 
cf  the  work-hardened  material  in  ccmpanson  with  initial. 


Pig.  11.  Curves  of  the  relaxation  cf  alloys  KhN70VH Y uT  at  750°C, 

Kh N70 VMFTY u at  750°C,  KhK75VMFYu  at  700°C  in  initial  state  (solid) 
and  after  preliminary  elongation  to  Jo/o  at  the  temperature  of 
testing  (dashed  lines). 

Key:  (1).  a , mN/rn*  (kg/tm*)  . (2).  Time,  min. 

Eage  53. 

For  testing  of  the  validity  of  this  assumption,  the 
specimen/samples  made  of  the  alloys  of  orands  KhNBOTBYuA,  KhN7 OVNYuT 
and  Kh  NYuV  HFTYu,  deformed  to  = 0-M%  at  600-800°C, 


experience/tested  on  creep  at  temperatures  [47]  indicated.  Creep 
tests  carried  out  with  stresses  less  even  larger  of  elastic  limit.  It 
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ias  establish/installed,  that: 


1)  the  rate  of  rapid  creep  at  tne  unstable  stage  increases  with 
an  increase  in  the  degree  cf  strain  (Fig.  12)  ; however,  during  2-4o/o 


strain  is  observed  a maximum  and  further  increase 
decrease  in  the  velocitj  cf  creep. 


it  causes  a 


2)  creep  rate  at  steadj  stage  (i/min)  dees  not  virtually  depend  on 
the  value  cf  plastic  deformation  £^=0-^-4%  (see  Table  1), 


The  results  of  the  conducted  experiments  were  approximated  by 
following  analytical  expressions  [34]: 


en  = j4o*  [ 1 — exp  (—  Co't)]  S + Bam x,  (96) 

e„  = ACak+‘  exp  ( —Co't)  S + Bom,  (97) 


where  S - a function  of  the  structural  paraneter  of  the  amount  of 
preliminary  plastic  deformation.  In  connection  with  e^<3-r-5%  was 
suggested  expression  for  S cf  form  (4  5),  which  when  o<ov,  and 

cooseguent  ly , f (a)  ~0  takes  the  for  a 


S = 1+  A(eM)'. 


As  already  mentioned,  expressions  (45)  and  (58)  assume  that  the 
preliminary  plastic  defcriaticn  has  identical  effect  on  the  processes 


DOC  = 78153903 


PAGE  -W- 


cf  creep  with  different  stresses,  the  limit  inferior  of  elasticity. 

Bith  varying  stresses  S,  we  can  oe  calculated  with  the  aid  of 
expression  (47)  . 


The  analysis  of  expressions  (S6),  (97),  (47)  makes  it  possible 
to  assume  that  relaxation  ccrves  vita  different  initial  stresses, 
which  exceed  elastic  lixit  (oo>ny),  can  intersect  between 
themselves,  and  also  with  relaxation  curves  when  eo<oy.  Actually  as 
showed  experiments  the  short-term  reiaxaticr  (Fig.  13),  for  the 
mentioned  above  alloys  such  intersection  of  relaxation  curves  was 
observed  at  the  temperatures,  for  which  witt  an  increase  in  creep 
strain,  the  creep  rate  is  decreased  [X^O  in  expression  (41)]. 
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Fig.  12.  Curves  of  short-term  creep  of  nickel  base  alloys  during 
different  conditions/modes  cf  preliminary  plastic  deformation. 


Key:  (1).  Time,  min.  (la).  Time,  h. 
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Key:  (1).  Fig.  (2).  Material.  (3).  Temperature*  °C.  (4).  MN/m*.  (5). 

kg/mm*.  (6).  o/o,  that  corresponds  to  curves. 

Eage  55. 

At  the  same  time  at  the  high  temperatures,  cf  which  the  coefficient 
cf  strengthening  X=0,  the  curves  of  short-term  relaxation  for 
different  e0  do  not  intersect  and  in  the  course  of  time  (-10  min) 
coincide. 

The  applicability  cf  different  Hypotheses  cf  creep  for 
describing  the  processes  cf  the  shcrt-term  relaxation  of  some 
heat-resistant  alloys  it  was  checked  in  the  work  of  the  authors  L.  V. 
Gertsov,  A.  G.  Kostyuk  and  Yu.  D.  Martynov. 

Steels  20Kh3MVP,  1 Fh121iNMF,  K h 15N JbV T and  alloys  KhN8 OTVYuA, 
KhN70VMYuT,  KhN70VMFTYu  and  KhN75VMFYu  experience/tested  for  rapid 
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creep  and  relaxation  over  a wide  range  to  tte  temperature,  the 
specimen/samples  manufacturing  frci  metal  cce  melting  and  subjected 
to  identical  heat  treatment. 


Creep  strain,  accuxulated  with  loading,  did  not  exceed  0. 005o/o, 
in  connection  with  which  cf  test  conditions  it  is  possible  to 
consider  as  virtually  corresponding  to  ideal  relaxation  [39], 
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fable  1.  Dependence  of  the  steady  creep  rate  cn  the  state  of 
aaterial. 


: I.X0TBIOA 
-II607A) 
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Key:  (1).  Material.  (2).  Teaperature,  °C.  (3).  Stress.  (U).  MN/m*. 

(5)  . kg/am2.  (C).  6- 
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Has  utilized  the  approxiaaticn  of  curves  cf  creep  in  the  fora  of 
expressions  (96)  and  (97),  fchare  S,  according  to  equation  (47),  can 
vary  within  the  range  of  1 to  I+Mbm)'- 


Calculations  were  perfcraed  according  to  the  theories  of  aging, 
flew,  strengthening,  anc  also  the  theories  cf  flow  and  strengthening 
with  the  structural  paraaeter,  introduced  into  the  equation  of  creep 
in  the  fora  of  function  S. 
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Fig.  13.  Carves  of  the  short-term  relaxation  of  alloys  on  the  nickel 
basis  of  pi  different  temperatures  and  «0  [for  S00°C  ao=320,  370  and 
40  C Mn/di2  (32,  37  and  40  kg/mm*)]. 

Key:  (1).  MN/m*.  (2).  kc/naiz.  (3).  Time,  mir. 
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Utilizing  equation  (49),  we  will  outain  the  following  expression 
for  relaxation  curves  according  to  the  theory  of  the  flow: 


CAoi+l  exp  (-  CoV)  + 8om 
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cr  in  the  finite  differences 

A o = — £ [Ci4aHVCo't  + Bo"]  At.  ( 1 00) 

Use  of  a hypothesis  of  flow  with  the  structural  paraneter  gives  the 
ex  pression 

Ao  = - E [C/lo^V  CoS  + Bo"]  At.  (101) 

Calculations  according  to  the  theory  of  flow  carried  out  with  the  aid 
of  ETsVM  "Minsk-22”  and  EESK-2,  moreover  for  ty  calculation  according 
to  expression  (101)  algcrithm  was  comprised  in  language  ALGOL-60  (see 
appendix  at  the  end  of  the  book).  Mas  used  a variable  step/pitch  of 
integration  At  in  accordance  with  variable  speed  of  the  process  of 
relaxation.  Within  step/pitch  the  calculations  conducted  by  the 
method  of  the  iterations  (assigned/prescr i t« d a ccur acy/precision  was 
received  as  the  egual  tc  0.5c/o)  and  as  the  method  of  Runge-Kutta. 

Calculations  according  to  the  tneory  cf  strengthening  carried 
out  by  Davenport's  method  [28]  with  use  instead  of  the  network  of 
experimental  curved  analytical  depenuences  (96),  (97).  Thus,  instead 
cf  the  continuous  process  of  relaxation  was  calculated  creep  with  the 
gradually  changing  stresses.  The  value  of  step/pitch  on  tiae  was 
accepted  as  the  equal  tc  3 s.  Calculations  ccndwcted  with  the  aid  of 


ITsWM  "Minsk-22" 


«.* 


fig.  14.  The  curved  defcrtaticns  of  alloy  KfcN70VHYuT  at  700°C 
instantaneous  loading:  2 - 15  s;  3-15  min;  4-30  min;  5 - 
2 h;  7 - 10  h;  8 - 50  h;  9 - 10  h. 

Key;  (1).  HN/n2.  (2).  kg/mff*. 
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Fig.  15.  The  curves  of  the  ielaxation  of  steels  lKh12VNHF  and 
25Kh2d1F  and  of  alloy  KhN70VMYuT  at  different  tenperatures  and  with 
initial  stresses:  1 - experimental  curves;  2 - calculated  by  theory 
aging;  3 - according  to  the  theory  or  f row  ; 4 - according  to  the 
theory  of  strengthening;  5 - according  to  tie  theory  of  flow  with  the 
structural  parameter;  6^6a  - according  to  the  combined  theory. 

Ke?:  (1).  MN/a2.  (2).  kg/aa2.  (3).  r,  h.  (4).  o,  mV/m* , (kg/mm2). 


(n 
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M 

a,.  Mh'm* 

( *r  /mm) 
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Ho  *ep  | 

K PHBOH  ! 
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M 

no  AaHHbIM 

1X12BHM* 

(3H802) 

550 

500  (.50) 

400  ( 40 f 

/ 1 
2 

(y> 

Jl.  6 reuosa 

XH70BMKDT 

OH765) 

750 

750  (75) 

600  (10) 

/ 

2 

25X2MI*  OM723I 

580 

200  (20) 

I 300  (30) 

a 

4b 

-rz) 

E A Xeflm  (30) 

Key:  (1).  Alloy.  (2).  0 0,  I4h/n*  (kg/mm2).  (3).  Number  of  curve  or 

Fig.  15.  (4).  On  data.  (5).  1.  B.  Getsova.  (6).  Ye.  A.  Heyn  (30). 
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The  curves  of  temporary  relaxation  according  to  the  hypothesis 
of  aging  were  determined  graphically  by  the  isochronous  creep  curves 
(Fig.  14). 

Calculated  and  experimental  relaxation  curves  were  compared 
separately  for  the  initial  stresses  o0>ay  «-nd  a0<tfy. 


Page  60. 

As  can  be  seen  froi  these  given  in  Table  2 and  to  Fig.  15  curved 
short-term  relaxation,  and  also  emulative  diagrams,  constructed  for 
the  basis  of  75  tests  of  seven  different  alleys  at  different 
temperatures  (Fig.  16),  best  conformity  with  experiment  detect  the 
curves,  designed  by  the  theory  of  strengthening,  especially  for 
<*><CTy.  The  results  cf  calculations  according  to  the  hypothesis  of 
flow  give  decreased  values  Ot,  and  according  tc  the  theory  of  aging, 

- those  overstated.  However,  for  the  initial  stresses,  which 
considerably  exceed  elastic  limit  when  plastic  deformation  with 
loading  exceeded  1 o/o,  experimental  curves  proved  to  be  those  below 
calculated  by  the  theory  of  flow. 
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The  observed  intersection  of  lexaxatic n curves  when  a0>oy  was 
obtained  only  by  calculations  according  to  the  theory  of  flow  with 
the  structural  parameter. 


Table  3 gives  corrected  values  of  the  constants  of  expression 
(47),  obtained  from  the  diagrams  of  ueformaticr  and  creep  tests. 

To  Fig.  15,  are  given  the  results  of  calculations  according  to 
the  theory  of  flow  with  the  structural  paraaeter  and  their  comparison 
with  experiment. 


From  Fig.  15,  it  is  evident  that  the  use  of  theory  with  the 
structural  parameter  mahes  it  possible  with  a sufficient  degree  of 
accuracy  to  calculate  curved  short-teriu  relaxation  for  o0>oy  on  the 
basis  of  the  results  of  creep  tests  wita  ccrstant  stresses. 


Fig.  16.  The  dependences  between  tbe  ratio/ielations  of  calculated 
and  experimental  values  Av=«„-w  from  relaxation  time:  1 - according 
to  the  theory  of  aging;  2 - strengthening;  3 - flow  (line  are  carried 
out  through  the  points,  which  correspond  tc  mean  arithmetic  values 

A0p«e../4o™ai.  1 
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Pages  61  and  62. 


Table  2.  Comparison  of  experimental  and  computed  values  of  the 


remaining  stress  for  dilfecent  alleys. 


0) 

°y 

°o 



0OCT  ««P*»  T 

»t  1.  Mh/m‘  no  piUlHIHMU  mnOTCSOM 

OraJib  htih  cnjiau 

/.  °c 

( 3) 

MhIm1  ( Kr/MM  ) 

(Y) 

CTaptHMH 

(i) 

ynpOHHCHHJI 

(c) 

TCHeMHH 

TtF 

AKCnepHMeHTA/IbHbie 

AAjiHue 

20X3MB1) 

(3H4I5) 

550 

500(50) 

550(55) 

500(50) 

450(45) 

400(40) 

385(38,5) 

350(35) 

325(32,5) 

300(30) 

345(34,5) 

336(33,6) 

326(32,6) 

281(28,1) 

281(28,1) 

280(28) 

369(36,9) 

331(33,1) 

330(33) 

296(29,6) 

IXI2BHM4) 

500 

500(50) 

450(45) 

350(35) 

346(34,6) 

(3M802) 

400(40) 

325(32,5) 

— 

— 

292(29,2) 

350(35) 

290(29) 

299(29.9) 

650 

460(46) 

500(50) 

450(45) 

400(40) 

350(35) 

300(30) 

291(29,1) 

295,5(29,55) 

280(28) 

275(27,5) 

291(29,1) 

278(27.8) 

267(26,7) 

220(22) 
220(22) 
219(21 ,9) 

292(29,2) 

279(27,9) 

237(23,7) 

230(23) 

226(22,6) 

XI5H35BT 

(3H6I2) 

650 

395(39,5) 

500(50) 

450(45) 

400(40) 

405(40,5) 

325(32,5) 

320(32) 

290(29) 

290(29) 

290(29) 

290(29) 

236(23,6) 

270(27) 

300(30) 

XH80TBIOA 

(3M607A) 

700 

350(35) 

400(40) 

350(35) 

300(30) 

375(37.5) 

310(31) 

290(29) 

313(31,3) 

288(28,8) 

2<j2(26,2) 

287(28,7) 

271(27,1) 

249(24,9) 

290(29) 

XH75BM<t>IO 

(3H827> 

600 

610(61) 

820(82) 

800(80) 

770(77) 

750(75) 

790(79) 

742(74,2) 

734(73,4) 

724(72,4) 

710(71) 

699(69,9) 

703(70,3) 

699(69,9) 

691(69,1) 

684(68,4) 

665(66,5) 

689(68,9) 

678(67,8) 

739(73,9) 

700 

600(60) 

750(75) 

720(72) 

700(70) 

690(69) 

660(66) 

638(63,8) 

608(60,8) 

635(63,5) 

626(62,6) 

620(62) 

616(61,6) 

600(60) 

588(58,8) 

587(58,7) 

586(58,5) 

584(58,4) 

577(57.7) 

600(60) 

545(54,5) 

535(53,5) 

660(66) 

625(62,5) 

750 

620(62) 

650(65) 

630(63) 

600(60) 

570(57) 

517(51,7) 

508(50,8) 

460(46) 

457(45,7) 

512(51.2) 

490(49) 

800 

450(45) 

570(57) 

530(53) 

500(50) 

380(38) 

360(36) 

350(35) 

350(35) 

344(34,4) 

339(33,9) 

275(27,5) 

275(27,5) 

275(27,5) 

368(36,8) 

368(36,8) 

330(33) 

850 

370(37) 

500(50) 

450(45) 

350(35) 

310(31) 

319(31,9) 

274(27,4) 

203(20,3) 

203(20.3) 

245(24.5) 

245(24,5) 
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Continuation  fable  2. 


XH70BM4>IOT 

(311765) 

650 

720(72) 

820(82) 

800(80) 

750(75) 

700(70) 

770(77) 

760(76) 

725(72,5) 

690(69) 

685(68.5) 

568(56,8) 

647(64,7) 

639(63,9) 

639(63,9) 

635(63,5) 

628(62,8) 

615(61,5) 

640(64) 

675(67.5) 

675(67,5) 

700 

725(72.5) 

800(80) 

760(75) 

700(70) 

600(60) 

656(65.6) 

618(61,8) 

620(62) 

602(60,2) 

544(54,4) 

544(54,4) 

507(50,7) 

505(50.5) 

750 

590(59) 

750(75) 

650(65) 

600(60) 

500(50) 

516(51 ,6) 
460(46) 
440(44) 
406(40,6) 

463(46,3) 

445(44,5) 

432(43,2) 

402(40,2) 

378(37,8) 

378(37,8) 

377(37,7) 

371(37,1) 

365(36,5) 

380(38) 

380(38) 

405(40,5) 

XH70BM4>TK) 

(3H826) 

600 

610(61) 

770(77) 

750(75) 

700(70) 

650(65) 

630(63) 

750(75) 

735(73,5) 

690(69) 

645(64,5) 

625(62,5) 

673(67,3) 

666(66,6) 

644(64,4) 

616(61,6) 

604(60,4) 

635(63.5) 

633(63,3) 

624(62,4) 

607(60,7) 

598(59,8) 

596(59,6) 

604(60,4) 

592(59,2) 

584(58,4) 

585(58,5) 

XH7OBM0T1O 

(3H826) 

700 

580(58) 

700(70) 

650(65) 

600(60) 

688(68,8) 

635(63,5) 

585(58,5) 

613(61,3) 

593(59,3) 

569(56.9) 

576(57,6) 

572(57,2) 

561(56,1) 

517(51.7) 

510^51) 

590(59) 

750 

570(57) 

700(70) 

650(65) 

600(60) 

550(55) 

500(50) 

470(47) 

521(52.1) 

490(49) 

480(48) 

456(45,6) 

447(44,7) 

429(42,9) 

487(48,7) 

478(47,8) 

469(46,9) 

455(45,5) 

441(44,1) 

428(42,8) 

424(42,4) 

424(42,4) 

424(42,4) 

423(42,3) 

420(42) 

416(41,6) 

393(39,3) 

378(37,8) 

360(36) 

425(42,6) 

417(41.7) 

445(44,6) 

800 

510(5!) 

600(60) 

550(55) 

500(50) 

450(45) 

400(40) 

350(35) 

350(35) 

320(32) 

290(29) 

280(28) 

343(34,3) 
335(33,5) 
326(32,6) 
315(31 ,5) 
303(30,3) 
287(28,7) 

257(25,7) 

267(26,7) 

267(26,7) 

267(26,7) 

266(26,6) 

263(26,3) 

267(26,7) 

293(29,3) 

289(28,9) 

249(24,9) 

255(25,5) 

270(27,0) 

850 

570(57) 

450(45) 

400(40) 

255(25,5) 

240(24) 

251(25,1) 

239(23,9) 

165(16,5) 

165(16,5) 

212(21,2) 
213(21 ,3) 

DOC  = 78153903 


PAGE  09- 


Key:  (1).  Steel  or  alloy.  (2).  for  r=1  u,  Nh//m2  (kg/mm2),  on 
different  hypotheses.  (3).  J*N/»2  (kg/miu2).  (4).  aging.  (5). 
strengthening.  (6).  flow.  (7).  experimental  data. 

Page  65. 

The  comparison  of  the  calculated  and  experimental  curves  of  the 
relaxation  of  steel  25K12M1E  (EI723)  at  58C°C  under  conditions  of 
single  and  repeated  loadings  was  undertaken  in  the  investigation  of 
Ye.  A.  Hey  n [30].  Creep  tests  were  conducted  kith  constant  stresses 
1 0 0-40  0 (HN/m2  (10-40  kg/m2)  with  the  subseguent  unloading  and  the 
determination  of  elastic  after-effect. 

Specimen/samples  experience/testea  for  relaxation  with  initial 
stresses  of  200,  300  and  40C  MN/m2  (kl),  30  and  40  kg/mm2)  with  the 
repeated  loadings  (see  Fig.  15,  1).  Calculated  curves  of  relaxation 
were  constructed  for  the  basis  of  cata,  designed  by  the  theories  of 
the  flow  (Fig.  15,  3)  of  strengthening  (4)  and  cf  combined  theory  (6 
and  6a). 

when  conducting  of  calculations  according  to  the  combined 
theory,  they  assumed  that  irreversible  coapcnent,  obtained  by 
subtraction  from  creep  strain  of  the  strain  of  aftereffect,  is 
subordinated  to  the  laws  governing  the  tnecry  cf  strengthening,  and 


reversible  component  is  approximated  by  Ke 1 vin- Vcigt 's  two 
component/ links  with  parameters  tj,,  Ei  and  tj2,  Ez.  it  was 
establ ish/ installed,  that  the  last/latter  assumption  is  in 
satisfactory  agreement  *ith  experixental  data. 
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expression  (62)  , moreover 
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ENDFOOTNOTE. 


The  g iven  in  Fig.  15  comparison  of  the  calculated  and 
experimental  curves  of  relaxation  shows  that  their  better/best 
conformity  is  provided  during  the  use  oi  the  ccatined  theory,  worst  - 
theory  of  flow. 

Seme  disagreements,  discovered  at  the  initial  stages  of 
calculated  and  experimental  curves  with  repeated  loadings.  Ye.  A. 
2heyn  explains  by  the  reduction  cf  creep  strength  in  the  process  of 
prolonged  aging  with  58C°C. 

thus,  survey/coverage  cf  works  conducted,  in  are  which  they  were 
ccmpared  experimental  and  calculated  curves  of  relaxation,  it  shows 
that  with  the  stresses,  the  limit  interior  cf  elasticity,  the  theory 
cf  strengthening  makes  it  possible  to  better  describe  this  process  of 
creep  with  variable  stresses,  such  as  it  is  stress  relaxation. 
According  to  the  combined  theory  of  strengthening  and  plastic 
heredity,  it  is  possible  to  obtain  even  netter  conformity  with 
experiment . 


Table  3.  Constants  for  the  calculation  of  value  S according  to 
formula  (47). 


(>) 

Marepmji 

—fa 

SV 

H 

Zi 

! 

an 

°y 

(3) Mn/J *>  (kF /mm') 

h 

a 

<7 

r 

XH80TBK3A 

650 

350(35) 

400(40) 

101 

0,00017 

20,6 

1,17 

(3H607A) 

700 

250(25) 

350(35) 

185 

0,000086 

16,2 

1.0 

XH70BMK3T 

(3H765) 

750 

300(30) 

590(59) 

350 

0,00033 

15  j 

1.2 

XH70BMOTK3 

700 

500(50) 

580(58) 

10* 

0,0002 

19,4 

3,54 

*311826) 

850 

200(20) 

280(28) 

6,7 

0,000054 

9.1 

0.6 

an  - the  stresses,  with  which  were  determined  constants  h and  r. 


Key:  (1).  Material.  (2).  Temperature,  °c.  (j).  KN/m2  (kg/mm2). 
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On  Fig.  15  in  the  form  of  curves  6 and  6a,  are  given 
respectively  the  results  of  precise  anti  asymptotic*  solutions  of 
equations,  which  correspond  to  the  combined  theory. 


FOCTNOTE  *.  Asymptotic  solution  for  a model  with  Kelvin- Voigt' s two 
component/ links  is  described  as  for  a model  with  one  com ponent/lin k. 
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furthermore,  at  coxparati vely  high  temperatures  of  satisfactory 
agreement  with  experiment  it  is  possible  tc  achieve  and  calculation 
according  to  the  theory  cf  aging-  if  necessary  calculation  to 
determine  the  guaranteed  liiit  of  reiaxaticr.  it  is  expedient  to 
utilize  theory  of  flow. 

With  the  initial  stresses  which  exceed  elastic  limit,  relaxation 
curves  can  be  calculated  by  the  theory  of  flow  with  the  structural 
parameter.  At  very  high  temperatures,  and  also  for  very  high  service 
lives  relaxation  can  be  designed  with  tne  aid  cf  the  formulas, 
instituted  for  the  theory  of  the  constant  velocity  of  creep  [eB=/(o)]- 
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Chapter  III. 


HBTHODS  OP  STUDYING  STRESS  E EL AX  AT  ION. 


The  process  of  relaxation  consists  of  the  decrease  of  elastic 
stress  (defornations)  and  of  accumulation  ct  plastic  deformation. 
However,  unlike  plastic  defcraaticn  or  creep  plastic  deformation 
during  relaxation  insignificant  and  in  tae  vclune  of  crystal  body  it 
is  created  because  of  very  small  shirt/shears  (fine/thin  slip)  along 
a large  number  of  slip  planes,  distributed  unevenly,  which  impedes 
their  microscopic  study.  Therefore  duriug  tte  investigation  of  stress 
relaxation  in  essence,  they  are  based  oa  tic  determination  of  changes 
in  the  elastic  deformaticn. 


1.  Relaxation  with  eloncaticn  and  ccmpressic n. 


Are  known  different  methods  of  studying  stress  relaxation  under 
conditions  of  the  unidirectional  tension  which  differ,  in  particular, 
in  the  fact,  is  the  unloading  of  specimen/sample  in  the  process  of 
tests  necessary  for  the  periodic  measurement  of  residual  stress  or 


not 
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As  early  as  1 953  by  B.  M.  Bovinsiiy  and  tc  V.  G. 
developed  the  method  of  tests,  with  which  periodically 
the  cross  section  of  the  s pecimen/sainple  whcse  initial 
deformation  remains  constant  [ 48,  49], 


Lyuttsa  was 
is  measured 
stretch 


Lateral  deformation  in  tests  at  room  temperature  measures  with 
the  aid  of  special  sensors  [43],  and  at  elevated  temperatures  * by  a 
method  of  the  reverse  X-ray  photographs  of  the  transverse  elastic 
deformation  of  grate  [49]. 

Tests  carry  out  as  follows:  the  unstressed  specimen/sample 
together  with  device  for  loading  prior  to  testing  establish/installs 
in  the  X-ray  earner a/cha ater  for  determining  the  period  of  lattice. 
Then  specimen/sample  they  lead  and  bloc*  with  specimen/sample 
establish/installs  in  the  camera/chamoec  where  periodically  is 
measured  the  elastic  deformation  of  lattice. 
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In  work  [50]  was  proposed  another  i-ray  xethod  of  studying 
stress  relaxation.  After  the  deter > inat^on  cf  the  period  of  lattice 
in  the  initial  unstressed  state  s p«cimen/sa« pie  they  rapidly 
dilate/extend  to  the  assigned  magnitude  of  plastic  deformation, 
unload,  and  then  in  it  periodically  determine  the  period  of  lattice 
by  precision  X-ray  photographing.  This  method  is  based  on  what  in  the 
deformed  metallic  specixen/sample  during  uclcading  appear  the 
residual  deformation  of  the  lattices  of  opposite  sign  and  compressive 
oriented  microstress  which  relax  cf  a similar  to  the  stresses  first 
kind. 


For  the  investigation  cf  the  relaxation  cf  tensile  strength,  are 
carried  out  the  tests  of  stud  pins  and  oolts  in  rings  and  of 
specimen/samples  in  special  relaxation  machines. 

Test  procedures  in  the  rings  cf  anferent  construction/design 
are  distinguished  by  degree  cf  uniformity  cf  heetinq  ring  and 
s pecimen/sample,  by  acccracy/precision  of  the  measurement  of  residual 
deformations,  by  accuracy/precisio r or  tne  aaintenance  of  the 
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constant  length  of  specimen/sample  dating  testing,  by  productivity, 
utilized  attachments  for  the  creation  01  icitial  tension.  The 
nonuniform ity  heating  ring  and  bolt  can  cause  the  local  overstresses 
cf  bolt.  The  insufficient  difference  in  tae  section/cuts  of  ring  and 
specimen/sample  leads  tc  a xeducticn  in  the  rigidity  of  the  rigidity 
cf  the  stressed  state. 

Furthermore,  almost  for  all  methods  of  tests  in  rings  is 
characteristic  loading  at  rccm  temperature  and  development  of  the 

I 

processes  of  relaxation  dcring  the  first  stage  at  variable 
(increasing)  temperature. 

One  of  the  first  ccnstruction/desi^as  cf  devices  for  the  tests 
of  stud  pins  and  bolts  for  relaxation  proposed  ly  Hokhel'  [51],  With 
each  subsequent  loading  the  stress  in  tested  stud  pin  led  to  initial 
value.  Thus,  test  conditions  in  these  experiments  differed  from  the 
conditions  of  pure  relaiaticn.  rtetcdixa  T.  1.  Volkov  [70,  p 170]  is 
free  from  this  deficiency  and  he  makes  it  possible  tc  carry  out  the 
measurement  of  the  remaining  stresses  with  an  accuracy  to  ~46  mN/m* 
(.0.4  kg/mm2).  The  measurement  of  the  length  of  s pecimen/sa mple 
conducts  usually  on  general  purpose  microscope. 

Page  69. 


Foe  the  elongation  of  s peci aen/sam p le  to  the  assigned  magnitude  of 
deformation,  is  utilized  the  special  attachment  (IR-4R)  , which  is  the 
combination  of  two  open-end  wrenches,  connected  spirally,  on  which  is 
located  the  lever  with  handle.  The  complete  revcluticn  of  handle 
creates  tension  40  aN/m2  (4  kg/mm2).  Heating  device  (IR-3)  is 
calculated  for  a work  ir  interval  cf  40u-70C°C.  However,  during  the 
use  of  this  method,  are  possible  the  ovurstiesses  of  specimen/sample 
because  of  the  uneven  heatirg  of  s {ecrman/saiple  and  ring. 

The  more  productive  method  of  moaei  tests  cf  bolted  joints  is 
described  by  B.  N.  Rakhian  [53],  that  proposed  the 

construction/design  of  lultiseater  mandrel/ icun t.  In  this  case  the 
specimen/samples  are  warned  thocoughry  somewhat  faster  than  the  ring, 
in  connection  with  which  it  is  eliminated  the  possibility  of  their 
cverstresses. 

For  studying  pure  stress  relaxation  on  testing  machine,  it  is 
necessary  to  assign  and  tc  support  tne  ass i c ne d/prescr ibed 
full/total/complete  defoliation  of  specrmen/sample,  to  cecord/fix 
stress  or  change  in  the  stresses  in  specimen/sample,  to  support  with 
the  specific  accur acy/precision  the  assignee/ prescribed  temperature 
cf  specimen/sample. 

The  maintenance  of  the  full/tctai/complete  deformation  of  the 
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£ pecimen/sample  of  constant  presents  considerable  difficulties  in 
connection  with  the  adaptability  of  system  and  the  difficulties  of 
designing  cf  the  matching  system  cf  unloading  [11,  p 71].  Virtually 
the  conditions  of  pure  relaxation  during  tests  in  machines  are  not 
realized.  For  meeting  fer  tie  requirements  cf  machine  indicated  they 
have  a loading  device,  a system  for  maintaining  the  deformation,  a 
system  for  measuring  the  stresses  anu  a thermostat  (heating  device) 
[60]. 


Basic  machine  parameters  following: 


1)  the  range  of  a change  in  tie  stresses  and  strains; 


2)  temperature  ranee  and  the  accuracy/precision  of  its 
xainte  nance ; 


3)  the  precision  of  measurements  aud  maintenance  of  load; 


4)  the  rate  loadinc  and  unloading; 


5)  the  evenness  of  lead  change; 


6)  reliability  in  continuous  operation 
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Are  known  different  ferns  cf  the  loading:  vith  the  aid  of 
spring,  sliding  weight,  lead  whose  value  is  charged  in  the  process  of 
testing  (spheres,  water),  of  hydraulic  press,  etc.  Each  cf  the  forms 
indicated  possesses  specific  advantages  and  insufficiencies  [54-58, 
60]. 

Fage  70. 

Thus,  for  instance,  machines  witn  tne  lead,  which  are  mixed  on 
cne  lever,  do  not  make  it  pcssinle  to  carry  out  testing  during  the 
large  initial  plastic  deformations  ci  tue  spec i nen/sam pie,  attached 
cn  the  one  hand.  Machines  with  the  load,  which  is  decreased  during 
testing,  can  manufacture  ccly  the  unloading  of  s pecioen/sa mple . 
leading  by  spring  requires  serious  atteaticr.  tc  the  stability  of  the 
elastic  properties  of  spring  itself. 

Besides  the  loading  system,  relaxation  machines  are 
distinguished  by  the  systems,  which  ensure  the  maintenance  of  the 
assigned/prescribed  defermation  of  s^ecimep/sam pie.  These  systems,  as 
a rule,  consist  of  device,  receiving  ana  increasing  deformation 
specimen/sample  (enlarger  of  def or  nation)  ; the  devices,  which 
develop/depletes  electric  pulses  during  the  deviation  of  the 
size/dimensions  of  specimen/sample,  and  finally  relay  systems, 
governing  the  electric  ictcr  of  the  loaning  system. 
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Chevenard  proposed  to  consider  unit  fcr  measuring  stress 
relaxation  as  the  closed  au to-csci Hating  lccpec  system.  In 
connection  with  this  the  requirements,  presentee  on  relaxation 
machines,  are  directed  teward  amplitude  redccticn  of 
auto-oscillations,  which  is  acaieved  oy  an  increase  in  the  rigidity 
cf  the  parts  of  the  enlarcer  of  deformations,  ty  an  increase  in  the 
sensitivity  of  the  system  of  iopulser,  uy  at  increase  in  the  rigidity 
cf  the  loading  system,  ty  tte  decrease  of  the  irertia  of  the 
driving/moving  machine  parts  and  by  the  decrease  of  friction  in  the 
articulation  of  the  loading  system.  Xae  amplitude  of 
auto-oscillations  affect  such  macnine  parameters  how  the  rate  of 
loading  and  unloading,  set-up  time  of  given  speed  of  loading  or 
unloading  after  the  procedure  by  tte  loading  system  of  the 
me mentum/i mpulse/pulse  cf  stitching. 


Table  4 gives  fundamental  performances  for  relaxation  tests  with 
elongation.  A deficiency  in  some  macnines  lies  in  the  fact  that  in 
the  process  of  testing  is  pcssible  only  the  decrease  of  load;  at  the 
same  time  structural  transformations  and  changes  in  the  temperature 
during  testing  require  its  increase. 


Table  4 shows  that  the  descriteu  in  tie  literature  [54,  56-66] 
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units  ace  distinguished  by  the  nethou 
accuracy/precision  of  the  maintenance 
specimen/sample,  with  the  maximum  loau 
unloading,  by  rigidity*. 


oi  leading,  by  the 
or  the  length  cf 
• cate  cf  loading  and 


FOOTNOTE  2.  Majority  of  indicated  devices  are 
described  in  monograph  [60].  ENDFOOTNOTE. 
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lafcle  4.  Devices  fcr  testing  of  spec.  «eu/saaples  for  the  relaxation 
cf  tensile  strength. 
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[581 
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Key:  (1).  Type  of  unit.  (2).  Operating  principle.  (3).  Fundamental 
characteristics.  (4).  Scurce.  (5).  Initial  stress  is  created  by 
tightening  nut.  Stress  is  determined  from  tie  deformation  of  standard 
rod,  rigidity  - by  comp  ] iance/p  1 ia  liiity  of  rod.  (6).  The  same.  (7). 
Stress  is  created  by  spring  whose  tension  is  reached  by  tightening  of 
nut.  (8).  Compensating  type  macnine  (uuring  elongation  of 
speciaen/s  ample  to  O.OOC2c/c  Closes  contact,  which  through  relay 
gives  into  action  engine,  which  weakens  stretching  spring).  (9). 

FEL-5  (VEB-Werkstoffprunaschunen,  CEh,  Leipzig).  (10).  Loading  with 
the  aid  of  springs.  A change  in  the  ienatn  cf  s pecimen/sam pie  is 
transferred  through  quartz  reds  to  the  ngkage,  gauging  the  position 
diaphragm,  in  turn,  which  affects  the  fiow  cf  the  world/light, 
falling/incident  to  photocell.  Photocell  is  located  in  the  schematic 
of  unloading  specimen/saaple.  (11).  Temperature  cf  350-1000°C. 
Accuracy/precision  of  tie  maintenance  or  temperature  of  ±2  deg.  Peak, 
load  50000  n (5000  kgf) . Time  cf  lcauing  to  peak  load  5-20  min. 
Accuracy/precision  of  tie  maintenance  oi  the  length  of  *0. 001  mm. 
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continuation  table  4. 
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Key:  (1).  Type  of  unit.  (2).  Operating  principle.  (3).  Fundamental 
characteristics.  (4).  Sccrce.  (5).  Compensating  type  machine.  Loading 
frcm  hopper  with  spheres.  Unloading  occurs  cn  tie  achievement  of  the 
assigned/prescribed  deformation  via  cue  dischar ce/break  cf  spheres  on 
cne  through  egual  time  intervals.  Is  excluded  tie  possibility  of  the 
additional  charge  of  specinen/sample  aaring  testing.  (6).  Peak  load 
40,000  W (4000  kgf)  . Leverage  1:50,  working  temperature  of  400-750°C, 
the  accuracy/pr ecision  cf  the  mainteuauce  cf  the  length  of 
specimen/sample  0.  002  mm.  (7).  Machine  of  the  same  type.  Load  by 
spheres  is  replaced  by  leading  frcm  cne  von  device  through  the 
friction  coupling.  (8).  Load  3500-4QpO0  bi  (250-4000  kgf).  Temperature 
to  900 °C,  accuracy/precisic r of  the  maintenance  of  the  length  of 
specimen/sample  0.001  m.  (9).  Loading  with  the  aid  of  worm-helical 
device-  Load  is  record/fixed  with  the  proving  ring.  During  a change 
in  the  deformation  of  s peciien/sam p It,  are  lanufactured  repeated 
additional  charges.  (10).  Peak  loac  30,000  f V (3000  kgf).  Temperature 
to  900°C.  (11).  Compensating  type  lacaue  is  leaded  with  the  aid  of 

load,  which  is  moved  alcng  lever.  On  tne  achievement  of  the  specific 
plastic  deformation,  wear/operates  erectromagnetic  relay  is  included 
the  electric  motor,  which  meves  load.  (12)  . Peak  load  50,000  hi  (5000 
kgf).  Accuracy/precisic r cf  the  maintenance  of  the  length  of 
specimen/s  ample  0.  04-0 . ( C 6o/o.  Rate  of  loading  30  hIN/m2  (3  kg/mm2)  1 
s.  Rate  of  unloading  12.5  ■ »/«*  (1.25  xg/mm2)^1^  s. 


continuation  Table  4. 
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Key:  (1).  Type  of  unit.  (2).  Operating  principle.  (3).  Fundamental 


characteristics.  (4).  Sccrce.  (5).  Machine  kith  cil  loading.  (6). 
Compensating  type  machire.  From  lener  is  scspenc/hung  the  oil  tank. 
Curing  the  elongation  of  specimen/ sample  tc  limiting  value,  the 
arrow/poiu  ter  of  indicator  closes  contact  and  switches  on  magnetic 
relay,  which  open/disclcses  the  tap/crane  of  the  issue  of  oil  from 
taqk.  It  is  excluded  the  possibility  or  loading  cf  specimen/sample. 
(7).  Loading  with  the  aid  of  worm  lexical  device.  Load  is 
record/fixed  with  dynamcmeter  or  strain  gauge,  stuck  on  elastic 
cell/element.  (8).  Peak  lead  of  30,C0u  N (3CC0  kgf).  Operating 
temperature  900-1500  anc  90C-2500°C.  Vacuum  5« 1 C~*-5 »1 0-3  N/m*.  Rate 
cf  loading  2 mm/rnin.  (9).  Machine  cf  institute  cf  physics  of  metals. 
(10).  loading  by  spring.  (11).  Peak  ioau  10;QCC  h I (1000  kg). 
Accuracy/precision  of  tie  maintenance  oi  the  length  cf 
specimen/sample  0.  0002  a*.  Venting  temperature  cf  up  to  900°C. 
Accuracy/precision  of  the  maintenance  or  the  temperature  of  ±1  deg. 
Bate  of  loading  and  unlcadirg  32  MN/u2  per  linute  (3.2  kg/mm*/min)  . 
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Key:  (1).  Type  of  unit.  (2).  Operating  principle.  (3).  Fundamental 
characteristics.  (4).  Scurce.  (5).  Pendulum  type  loading  system.  The 
length  of  specimen/sample  is  supported  uy  ccnstant  with  the  aid  of 
the  system  of  the  extenscmeter.  of  tuat  corrected  electrically  with 
the  engine  of  load.  (6).  Accuracy/ptecisxo  n of  maintenance  of  length 
cf  specimen/sample  0. 001-0.  C02  mm.  (7)  . dance.  (8).  Lever/crank  type 
loading  system  with  water  tank.  The  discnarce/t reak  cf  water  is 
manufactured  by  the  closi ng/shcrti ng  of  tne  electric  contact  of 
indicator,  connected  with  electronic  rexay  cf  water-outflow  valve. 
(9).  lime  of  loading  2 min.  hire  s p ecxmen/sample  with  a length  of 
200-900  mm.  (10).  Machine  with  air  motor,  pressure  in  which  is  varied 
with  the  aid  of  pressure  regulator  ana  solercid  valves  of  loading  and 
unloading.  (11).  Peak  lead  45yOOO  h/  (450u  kgf).  The  rate  of  loading 
and  unloading  not  more  than  80  MN/«J  (d  itg/am2)  per  minute. 
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let  us  examine  in  semewhat  more  detaxi  the  comparatively  new 
ccqstruction/designs:  machine  Re|- 5,  anu  also  tie  reconstructed 
machines  UIM-5  [55,  63  ],  5IB  [67]  anu  PV152  [66]. 

The  kinematic  diagram  cf  the  moueruized  machine  UIH-5  is 
represented  in  Fig.  17. 


A change  in  the  lergth  cf  spec imen/sa  ■ j le  0 causes  the 
clcsing/shorting  of  the  governing  contact^  cf  ccntact  device  K, 
connected  with  extensometer,  and  iccj.usi.on  kith  the  aid  of  the  relay 
cf  reversible  electric  voter  a,  whicu  rotates  wern  gear  by  7.  The 
rotation/revolution  of  tfce  axle/axis  of  6 verm  cears  is  transferred 

K 

to  large  friction  roller  by  5.  To  the  axle/axis  of  4 rollers  5,  is 
wound  cable  by  3,  with  tbe  aid  of  which  is  aoved  the  end  of  lever  2. 
The  end  of  snail  lever  arm  2 through  the  thrust/rod  with  built-in 
dynamometer  D is  connected  with  the  end  of  leading  lever  t.  Thus, 
depending  on  the  direction  cf  rotation  of  electric  motor  the  end  of 
the  loading  lever  is  moved  upward  cr  downward,  respectively 
decreasing  or  increasing  load  on  s [ecimen/sample.  The  value  of 
effort/force  is  recorded  ty  the  dynamometer,  connected  with  the 
diagram  mechanism,  which  realize/accompiistes  a recording  of  the 
curve  of  stress  relaxaticc. 

Ccntact  device  K,  which  controls  load  change,  has  movable  and 
two  fixed  contacts.  The  slide  contact,  wnich  is  the  small  piece  of 
the  flattened  silver  wire,  is  scldereu  to  the  arrow/pointer  of 
indicator.  Both  of  fixed  contacts  (small  silver  plate)  are 
fasten/strengthened  to  the  Flexiglas  glass,  which  replaces  that 
covering  riding-crop  dial.  Dse  as  the  contact  device  of  indicator 
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knob/cap  with  scale  value  0.002  n Baxes  it  possible  to  ensure  the 
constancy  of  the  measured  length  of  specinec/saxple  within  the  Units 
c f _±1  pm  with  the  total  clearance  between  contacts  approximately  1 
mm.  The  cl osing/sh ertin g cf  slide  contact  with  cne  of  the  fixed 
contacts  causes  the  rotat  icr./re vclutxon  of  engine  into  one  or  the 
ether  side. 
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Pig.  17.  Kinematic  diagiai  cf  the  voaernizec  Machine  0IH-  5. 

Page  76. 

With  the  modernization  cf  tha  loading  device,  were  used  the 
engine  and  worn  gear,  wlich  in  machine  UIM-5  serve  for  rotating  the 
hepper.  Induction  motor  cf  the  type  MSh  witt  a power  of  75  W is 
equipped  by  the  variable  resistor,  waicu  males  it  possible  to 
regulate  speed.  Re versilility  is  achieved  tj  a change  in  the 
schematic  cf  the  feed  of  the  brushes  or  engine.  For  the  reversal  of 
load  introduced  additioral  relay,  which  v ea r/operates  from  the 
closiqg/sh erting  of  the  seccnd  fixed  contact.  1 he  gear  ratio  of  worm 
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gear  is  eg  ual  to  100.  Large  fricticn  coxier  5 is  textolite  disk  with 
the  mounted  steel  ring.  The  diameter  of  cylinder  4,  to  which  is  wound 
cable  by  xs  equal  to  4.3  mm,  the  diameter  cf  flexible  cable  1.5-2 
ii.  For  providing  friction  coupling  one  of  the  hearings  in  which  is 
rotated  shaft  by  4,  it  icves  freely  in  vertical  direction.  With 
stretching  of  cable  3,  is  created  the  contact  pressure  between  the 
fricticn  rollers,  proportional  to  tension. 

This  pressure  the  oinisum  95  times  more  than  circumferential 
force  in  the  fricticn  coupling,  whicn  guarantees  the  absence  of 
slippage  with  any  tensicr  of  cable. 

So  that  the  cable  wculd  be  wcuna  around  cylinder  by  4 in  one 
circumference  independent  cf  tne  angle  or  ascent  of  lever  2 (this  is 
required  for  the  excepticn/elimination  of  the  possibility  of  the 
axial  slip  of  cable  alo$g  cylinder  4j  , the  ;cint  of  cable  with  lever 
is  made  movable.  Toward  the  end  of  tne  cable,  is  fastened  horizontal 
axis  with  the  sitting  ot  it  two  bearings  on  which  rests  lever  by  2. 
For  the  elimination  of  side  bearing  loan  during  the  deviation  of 
lever  from  horizontal,  the  tearing  suirsce  cf  lever  is  carried  out  in 
the  form  of  involute.  Evclvent  surface  intersects  the  plane  of  the 
wiqdiqg/coil  of  cable  at  right  angle  in  any  position  of  lever; 
therefore  the  direction  of  the  ef f crt/force , which  acts  on  bearings 
fren  the  side  of  lever,  coincides  vita  tne  axle/axis  of  cable.  In 


— 
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ccqnection  with  the  noticeable  curiatuce  of  evclvent  surface,  the 
teariags  with  sufficient  precision  "una"  necessary  position, 
prcviding  the  correctness  of  the  winaiug/ccil  cf  cable. 

Page  77. 


The  relationship/ratio  cf  lever  arms  2 (see  Fig.  17)  is  equal 
into  average  1:5.  The  support  cf  lever  xs  fasten/strengthened  to  the 
plate/slab  (from  the  sheet  kith  a thickness  of  10-15  mm),  conducted 
under  the  engine  bed  and  rigidly  connected  kith  it  by  the  means  of 
anchor  bolts.  The  second  end  of  lever  2 with  the  aid  of  link  is 
connected  with  the  threaded  knob/cap  ox  dynamometer  D.  Another 
threaded  knob/cap  is  corrected  with  tae  end  of  leading  lever  1. 

Plat/plane  dynamometer  is  calculated  fer  continuous  operation 
under  the  action  of  maximum  effort/force  0.8  K N (80  kgf) , which 
corresponds  to  the  load,  which  somewhat  exceeds  maximum  rated  load  on 
specimen/sample  [40  MN  4CG0  kg)],  kit  a road  C.6  MN  (60  kgf)  the 
sagging  of  the  bracket  cf  dynamometer  composes  in  calculation  4 mm, 
and  the  maximum  stresses  in  bracket  - auout  40C  HN/m2  (40  kg/mra2)  . 

The  bracket  of  dynamometer  is  made  maue  of  steel  25K h2HF A, 
heat-treated  to  hardness  37-39  HRC , whxcn  corresponds  to  yield  point 
cf  appxoximately  1000  h<l|/m2  (100  kg/Mh2).  Thus,  operating  stresses 
have  a supply  on  yield  pcint  of  approximately  2.5.  Dynamometer  is 
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equipped  by  indicator  with  scale  value  u. 01  urn,  which  provides 
accuracy  of  reading  0.25o/c  of  peak  loaa. 


Device  for  the  autcmatic  recording  of  load  consists  of  drum 
clockwork  with  weekly  plant  and  diagram  pen.  Ey  Perot  it  is 
f asten/stc engthene d to  fine/thin  filament,  which  is  wound  around  the 
Flexiglas  block,  f asten/strengthened  to  the  axle/axis  of  the 
indicator  of  dynaacmete r.  Thus,  load  change,  calling  the  rotation  of 
the  arrow/pointer  of  indicator,  leads  aaso  tc  the  vertical 
displacement  of  pen.  Sirce  the  characteristic  cf  dynamometer  is 
linear,  the  shift  of  the  pen  is  strictly  proportional  to  load.  Entire 
system  is  counterbalanced  sc  that  the  axle/axis  cf  indicator  does  not 
experience/test  the  bending  loads.  Drum  rs  placed  above  loading  lever 
1 (see  Fig.  17)  and  it  is  f asten/streugthened  tc  traverse,  connected 
with  thrust/rod  of  the  cy nanometer . This  fastening  is  necessary  for 


slope  deviation  of  loading  lever  1 wouiu  net  affecting  the  position 
cf  drum. 

Dynamometer  and  diagran  device  are  calibrated  in  machine  with 
the  aid  of  the  specimen  dynamometer,  iastened  instead  of 
specimen/sample  and  capture  of  machine.  On  the  cata  cf  calibrating, 
are  constructed  the  calibration  ccive/graphs  which  allow  from 
readings  of  dynamometer  and  from  diagram  to  design  lead  for 
specimen/sample  in  the  process  of  testing. 


,1-  ~ ••  J> 

For  the  normal  operation  of  the  loading  device,  the  angle  of  the 
slope  of  lever  2 must  be  within  the  limits  cf  C-55°  from  horizontal; 


the  respectively  maximun  permissible  course  of  cable  comprises  -150 
in.  This  course  insufficient  for  providing  the  necessary  to  degree 
unloading  cf  speci men/sa mp le  in  the  process  cf  testing.  Furthermore, 
the  oscillations  of  temperature  of  location  cause  the  deformation  of 
■cunting  and  external  parts  cf  the  captures.  This  occurring  in  this 
case  change  in  the  tensicE  cf  s pec i men/sa m Fie  is  automatically 
compensated  for  by  the  appropriate  dispracenent  of  lever.  These  facts 
can  derive  lever  2 of  the  ncrmal  position  ar.d  disturb  the  correct 
rhythm  of  the  work  of  machine.  In  craer  this  tc  avoid,  on  lever  is 
establish/installed  the  relay,  with  tue  aid  of  which  is  supplied  the 
signal  (bell),  which  indicates  the  approach/approximation  of  lever  to 
end  upper  cr  lower  positicr.  With  the  inclusion  of  bell,  is  stopped 
the  engine.  The  tr anslaticn/conversiou  of  lever  2 into  normal 
position  (angle  of  ascent  cf  35-45°)  is  re alize/accomplished  by 
steady  tightening  or  weakening  cf  chain/network  with  the  aid  of  the 
handle  of  the  reducer  cf  lower  capture,  since  the  length  of 
specimen/sample  is  autooatically  supported  ry  constant,  the  with  the 
aid  of  engine  respectively  is  lowe i/omitte d cr  is  raised  lever. 
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The  maintenance  of  machine  with  loading  device  indicated  above 
consists  of  observation  of  the  ten^eiatace  cf  s pecimen/sample, 
periodic  recording  of  roadirgs  of  the  indicator  of  dynamometer  and  in 
rare  cases  in  tightening  or  weakening  or  c hain/retwork  with 
specimen/sample.  Initial  tension  tc  specimer/sa «ple  is  assigned  as 
follows.  Lever  by  2 is  chanced  intc  euu  upper  pcsition.  From 
indicator  K,  is  remove/taken  the  fixea  contact,  governing  an  increase 
in  the  load.  By  the  rotaticr  or  display  scale  of  rif leman/gunner  it 
is  combined  with  the  division,  which  coLres^cnds  to  the 
assigned/prescribed  defcriatioa  of  specime n/sav p le  (the  fixed 
contact,  governing  unloading,  it  is  estaol ish/ instal led  on  indicator 
so  that  with  the  contact  with  it  of  sxiue  contact  arrow/pointer  is 
combined  with  zero  mark).  Then  with  the  aid  of  reducing  motion  they 
tighten  chain/network.  In  this  case,  the  arrow/pointer  of  indicator  K 
moves  to  the  contact  of  contact,  f asten/st rcngt tened  to  it,  with 
fixed  contact.  At  this  icmert  is  reacneu  the  assigned/prescribed 
deformation  and  engine  it  comes  into  action,  unloading 
s pecimen/sample. 
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The  second  fixed  contact  is  estafcl isn/inst alle d cn  indicator  so  that 
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the  total  clearance  would  ccmpri.se  1 mm.  After  this  the  loading 
device  works  automatically. 


t 


The  kinematic  diagram  cf  the  relaxation  machine  5IH,  also 

dfesig^ed  by  N.  D.  Zaytsev,  is  given  ui  Fig.  18.  It  is  characterized 

v 

high  rate  of  loading  and  unloading,  which  makes  it  possible  to  study 
short-term  stress  relaxation  at  high  temperatures.  Testing  in  machine 
manufactures  as  follows. 

Heating  specimen/sample  oy  8 is  manufactured  in  electric  furnace 

ky  9. 


After  the  achievement  cf  necessary  temperature  cf  load  1 is 
establ ish/ installe d in  lever  2 at  a distance,  which  corresponds  to 
the  assigned/prescribed  initial  voltage;  the  electrical  contact  of  3 
levers  of  extensometer  occupies  the  tree  position  in  the  narrow 
clearance  between  fixed  contacts  4 ana  5.  Leading  is 
realize/accomplished  relieving  the  lever  frea  detent  6. 

Simultaneously  by  the  r ctat  ion/revc lution  of  micrometer  gauge  7 is 
supported  the  established/irstalle d position  cf  contact  3.  At  the 
moment  of  separation  of  lever  frem  detent,  is  connected  the  feed  of 
engine  and  diagram  mechanism.  The  drum  of  diagram  apparatus  is 
rotated  from  the  selsyn  of  15  geartoxes  18  (v=5C0  am/h)  . Subseguently 

the  process  of  relaxation  acd  recording  changes  cf  the  residual 


\ 


DOC  = 781 53904 


PiG£  *25— 


stress  with  time  occur  eutc latical  1 y. 

With  the  accumulation  cf  the  plastic  deforiation  of  the  specific 
value,  the  position  of  e x tersomete r 19  is  chanced,  which  leads  to 
closing  of  contacts  3 ard  5 and  functioning  of  electromagnetic  relay. 
Dnder  the  action  of  the  mercury  contact  of  14  relays,  it  is  closed, 
the  circuit  cf  electric  motor  13  and  load  are  moved  to  the  side  of 
the  decrease  of  load,  as  a result  cf  wuich  the  stress  descends, 
specimen/s  ample  is  reduced  hy  initial  length,  the  contact  of 
extensemeter  comes  to  iritial  position  and  again  begins  the  process 
cf  relaxation  in  specimen/saaple,  hut  aireacy  with  the  smaller 
stretching  force,  etc.  Simultaneously  with  weight  shifting  during  the 
rotation/revolution  of  electric  meter  is  rotated  the  rotor  of  the 
selsyn,  attached  on  the  art cw/pcin ter  or  lever.  The  selsyn  of  lever 
is  electrically  connected  with  the  seisyn  ci  the  displacement  of  the 
pen  of  16  diagram  mechaiisms,  in  ccnsequence  cf  which  with  drum  17  is 
recorded  load  change  in  the  process  or  testing. 

Page  80. 

The  loading  of  specimen/sample  in  machines  of  the  type  fiel-5 
manufactures  with  the  aid  of  double-armed  lever.  Leverage  is 
connected  with  the  pair  cf  the  springs  which  can  be  replaced 
depending  cn  the  required  range  of  loads  [2500-  12,500,  5000-2500, 
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10,000-5(^000  tJ  (250-  1250,  5CC-2500,  I0u0-500C  Jcgf)]. 

The  springs  through  the  screw/propellet,  the  worm-and-wor n wheel 
and  belt  drive  are  connected  with  engine,  the  r ctation/revolut ion  of 
screw/propeller  leads  tc  stretching  or  relaxing  of  spring  and  with 
respect  to  leading  or  urlcading  of  specimen/sample.  The  system  of 
loading  is  con jugate/coxbined  with  tne  recording  diagram  tool,  which 
records  a change  in  the  load  with  time. 

Measurement  and  transmissions  or  deborsaticn  manufacture  with 
the  aid  of  three  quartz  reds  of  ex tensomet er . The  amount  of 
deformation  is  determined  fcj  measuring  microscope  with  helical  ocular 
micrometer.  For  automatic  lead  dispatching,  which  acts  on 
specimen/s ample,  the  measured  deformation  is  converted  into 
electrical  signal  with  the  aid  of  the  sensei  of  photocell.  The  light 
team,  directed  by  the  projection  lamp  tarough  the  objective  toward 
photocell,  is  diaphragmed  in  tne  fccus  of  chjective  by  the  special 
shutter,  fixed  toward  the  end  cf  the  lever/cratk  system  of  the 
extenscraeter.  Under  conditicns  of  compensation,  the  shutter  stops 
photocell  approximately  half. 

The  sensor  of  photocell  is  fed  uy  stabilized  voltage.  Changes  in 
the  current  of  photocell  ate  transferred  to  the  electron-tube  bridge 
which  in  turn,  during  inhalance  transfers  the  appropriate  signal  of 
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relay  and  block  to  the  contacts  of  tue  system  of  load  dispatching, 
which  acts  on  spec imen/s a i pie. 

The  loading  of  specimec/sample  up  to  tie  assigned/p rescribed 
initial  deformation  occurs  with  the  aid  of  seascring  microscope. 

For  high-temperature  relaxation  tests  in  vacoum,  were  adapted 
the  machines  of  the  type  EV-152  anc  PV-J012  for  tests  for 
stress-rupture  strength  [66]1. 

FCGTNOTE  *.  I.  L.  Bapticancv  et  al.  Patent  certificate  No  of  160,891. 
Eulletins  of  invent,  and  inrevations,  1*64,  Nc  5,  p.  64.  ENDFOOTNOTE. 

The  machines  indicated  have  vacuum  chaster  for  the  radiation 
heating  of  specimen/samp les  ty  tungsten  rod  heaters  to  temperature  of 
20  00°C . 


Page  81. 

Loading  device  is  the  lever/crank  type  (gear  ratio  to  1:60).  Constant 
temperature  is  maintained  by  voltage  regulation  with  the  aid  of  the 
special  blocks  of  control,  which  dc  not  allcw/assume  the  oscillations 
cf  temperature  during  testing  not  more  tnan  ♦,2°C. 
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Fig.  18.  K ineaatic  diagram  cf  machine  5i«  fcr  tests  for  relaxation. 
Page  82. 

The  modification  of  the  kinematic  diagram  cf  machines  PV-152H 
and  PV-3012  for  test  work  fcr  relaxation  consisted  of  disassembly  the 
systems  of  loading,  unit  cf  elastic  celi/element  with  strain  gauges 
and  rigid  fastening  of  chair/network  with  elastic  cell/eleaent  to 
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Speci men/sample  1 JFig.  19)  is  attached  into  upper  2 and  lower  3 
captures  from  molybdenux  alley  can  freely  be  expanded  during  heating. 
Epper  catch  through  adapter  4 is  ccnuected  fcitb  supporting/reference 
hinge  joint  by  5#  and  lewer  - by  ccnuectrng  red  6 through  elastic 
cell/eleme nt  7 with  machine  frame. 


¥ 


Fig.  19.  The  kiitenatic  diagram  of  xachine  EV-152M  for  relaxation 
tests:  1 - thrust/rod  lcwer;  2 - elastic  ce  11/e  lenent;  3 - thrust/rod 
upper;  4 - detent:  5 - pcsition  indicator  of  elevating  screw;  6 - 
capture  lower,  7 - speci aen/samp le ; a - capture  upper;  9 - hinge 
joint  special;  10  - adapter;  11  - electric  furnace;  12  - thrust/rod 
cf  lower  capture;  13  - screw/propeller  lift;  14  - bellows;  15  - 
reducer;  16  - handle  of  the  manual  dispiacenent  of  screw/propeller; 

17  - diaphragm;  18  - electric  motor;  19  - electronic  potentiometer; 

20  - exten sometric  bridce. 

Page  83. 
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Thrust/rod  is  consolidated  xitn  the  aid  of  the  rubber  blanket.  The 
leading  of  speciaen/sanple  is  aanu fact ured  autc Batical ly  by  lifting 
the  furnace  tody  from  electric  aotcr  d or  ty  hand  by  handle  9 through 
reducer  10. 

Elastic  cell/elemert  is  made  in  tue  fern  cf  plate  by  section/cut 
1x1  nun*  for  loads  to  2CC0  h/  (200  kef)  aud  7*7  bb2  for  loads  to  10,000 
(1000  kgf).  The  applicaticn/use  <f  aiifercnt  elastic  cell/eleaents 
and  spec iaen/sa mples  of  different  section/cuts  Bakes  it  possible  to 
experience/test  refractcry  netals  tnaer  conditions  of  relaxation  with 
different  rigidity  of  lcadirg-  The  rigidity  cf  loading  is  deterained 
ty  the  ccmpliance/pliabilit y of  the  ruraace  bedy  and  grips.  For  test 
work  under  conditions  of  high  rigicity,  it  is  necessary  to  utilize 
s pecimen/s aaples  with  lew  cross  section.  The  rigidity  of  loading  can 
te  deterained  according  to  a cnange  in  tne  length  of  the  working  part 
of  the  speciaen/saaple,  aeasured  wita  tue  aid  of  cathetoveter. 

Resistance  strain  gauges  of  ICO  ouas  with  base  15  mm  were  made 
fcca  ccnstantan  and  they  had  a coefficient  cf  strain  sensitivity 
1-2.2.  The  teaperature  ccapensatior  itot  the  e xception/e li aination  of 
the  effect  of  the  oscillaticns  cf  location  teaperature)  was  achieved 
ty  the  inclusion  into  sytBetrical  triage  arts  11  (see  Fig.  19) 
constantan  resistances,  lie  feed  ol  bridge  was  realize /accompl ished 
ty  a direct  current  4-8*  frea  batteries,  operating  current  was  15-90 
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cA  depending  on  the  ranee  of  calibrating. 

Calibrating  elastic  cell/eiement  to  20C0  (200  kgf)  was 

manufactured  by  the  metlcd  cf  direct  loading  ty  the  load  of  the 
specific  mass,  in  this  case,  they  estaoxish/ins tailed  the  dependences 
cf  the  readins  of  electronic  potentiometer  12  (IPP-09)  on  the  value 
cf  load.  Calibrating  stiain  gauge  to  50o0  and  1C/300  tl  (500  and  1000 
kgf)  manufactured  on  the  specimen  dynamometer,  built-in  into  the 
chain/netw  erk  of  leading.  Chain/ne  twor  *.  with  the  calibrated  elastic 
cell/element  assembled  in  such  a way  taat  with  the  evacuation  of  the 
camera/cha mber  there  wculd  ret  be  the  lxrt  cf  downdraft  13  under  the 
action  of  atmospheric  pressure;  the  appearing  effort/force  was 
absorbed  by  elastic  cel i/element  and  electronic  potentiometer 
record/fixed  the  value  cf  vacuum  lcau. 

Relaxation  test  is  re  a lize/ac com^ixshe c as  follows. 
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fig.  20.  Schematic  of  testirg  machine  for  relaxation  under  conditions 
cf  compression  [68]:  1 - knife  edge;  /.  - upper  pusher;  3 - rod  from 
silica;  4 - section  of  upper  pusher  troia  silica;  5 and  8 - upper  and 
lower  insert/bushings  frca  heat-resistant  alloy;  6 - thermocouple 
input/intr oductions;  7 - specimen/sample;  9 - section  of  upper  pusher 
from  silica;  10,  12  - lccations;  11  - lower  pusher;  13  - truck;  14  - 


suspension;  15  - load;  16  - ball  race;  17  - upper  lever;  18  - insert; 


19  - insert;  20  - extenscmeter  with  the  sliding  half-sleeves;  21  - 
knob/cap  of  micrometer;  22  - adjustable  guides;  23  - guide;  24  - end 
cf  the  furnace,  25  - stem  guide  furnaces;  26  - furnace;  27  - channel 
tar;  28  - the  knife  edge;  29  - lower  lever;  30  - shaft  with  the 
square  thread;  31  - electric  motor;  j2  - rail;  33  - driving/moving 
plate. 

Eage  84. 

After  the  achievement  of  the  assigneu/piescrite  d temperature1  and  of 
the  establishment  of  the  current  streugtn  cf  the  assigned  magnitude, 
they  are  included  the  electromechanical  drive  cf  the  lift  of  furnace 
14  (with  a rate  of  climk  cf  2 mm/minj  aud  the  drive  of  the  diagram  of 
the  potentiometer  EFP-0?. 

FOOTNOTE  l.  Before  begirning  testing,  it  is  necessary  to  be  convinced 
cf  the  warming  up  of  all  elements  cf  system.  ENtFCOTNOTE. 

On  the  achievement  of  the  lead  of  the  assigned  magnitude,  the  drive 
cf  the  lift  of  furnace  is  disconnected  and  cn  diagram  automatically 
is  record/ written  relaxation  curve. 

For  relaxation  tests  urder  conditions  cf  ccmpression,  was 
proposed  the  constructicn/design  of  unit  URIR-1C  in  power  10  t f65]. 
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Specimen/sample  lie/rests  cn  idler  supports  and  it  can  be  moved 
cn  the  planes  of  contact  with  support.  The  greater  the  stress  in 
specimen/sample,  the  greater  the  forces  necessary  for  the  overcoming 
the  forces  of  friction.  The  voltage  crop  doling  testing  is  measured 
according  to  a change  ir  forces  of  friction. 

The  machine,  used  in  wcrk  [68]  ror  the  tests  of  cast  iron  for 
relaxation  under  conditicrs  cf  co m jressron  <Fig.  20),  was  created  on 
the  basis  cf  the  creep  device.  The  specrmen/sa* p le,  which  is  cylinder 
with  a diameter  of  6.35  by  the  height  or  25.4  in,  is  compressed 
between  two  rods  whose  end/faces  have  tue  gicund  lapped  finish.  Load 
is  applied  with  the  aid  of  linkage.  Deformation  is  measured  by  the 
special  extensometer,  which  increases  5 tines  displacement  with  the 
aid  of  linkage.  The  maintenance  of  deformation  at  the 
assigned/prescribed  level  is  achieved  oy  weight  shifting  along  the 
loading  lever,  rea lize/accc iplishe d wits  the  aic  of  servomotor  and 
screw/ propeller. 

The  system  indicated  is  cnaracter ized  hy  following  parameters: 
the  rate  of  engine  1.5  i/air,  propeller  pitch  2!  mm,  the  displacement 
cf  the  end  of  the  lever  of  cxtensc netec  on  0.0015  mm  leads  to  a 
change  in  the  stress  in  specimen/sample  on  0.84  HN/m  (0.084  kg/mm2). 


i 
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Initial  loading  is  rea  lize/accc up 1 isued  ay  a loosening  of  closing 
screu  under  the  end  of  the  lever  in  vaica  estat  1 ish/install  in 
suspension  the  necessary  for  tne  creation  cl  the  assigned/prescribed 
initial  voltage  loads.  Situltaneously  with  tnscrewing  of 
screw/propeller  is  screted  in  licrcaetei:  be  lore  the  appearance  of  a 
contact  with  the  lever  cf  e > tenso*  etei. . In  this  case,  vear/operates 
kith  relay  and  begins  the  ficcess  cf  testing. 
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Page  36. 

2.  Relaxation  with  bend  and  twisting. 

Great  application/ise  they  founu  two  methods  of  relaxation  tests 
during  bending:  annular  specimen/samples  [6S]  ard  flat  springs  [52, 
7C].  1.  A.  Oding's  method  [69],  which  is  ic  our  laboratories 
virtually  basic  for  obtaining  the  resistance  characteristics  of  the 
relaxation  of  materials,  ccrsists  cf  rolloxing:  the  annular 
specimen/sa mple , constricted  in  the  fora  of  fish-bellied  bar  to 
bending  (Pig.  21),  they  load  with  the  aid  of  the  wedge  of  the 
specific  thickness,  inserted  into  cash.  Specimen/sample  with  wedge 
places  into  heating  device  (furnace  or  fluic  lath),  where  in  time 
occur  the  processes  of  relaxation  cf  initial  stresses.  The 
assigned/prescribed  initial  voltage  is  created  by  the  selection  of 
the  thickness  of  wedge.  The  value  cf  the  relaxed  stress  they 
determine  with  respect  to  a change  in  the  iritial  width  of  gash. 
Stresses  are  determined  cn  the  formulas 

o()  = AETb, 

Ac  = AEjAu 


(102) 

(102a) 
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where  A - the  constant*  obtained  from  tue  condition  cf  the  linear 
distribution  of  stresses  over  the  wean  section  cf  specimen/sample 
[69]  (A=0. 000583  mm-*);  BT—  modulus  or  elasticity  at  testing 
temperature;  A - change  in  the  width  of  gash  because  of  the  setting 
up  of  wedge;  At  - change  in  the  initial  width  of  gash  because  of 
creep. 


Method  has  the  following  linitatroa:  if  initial  stress  ®0 
equally  to  or  exceeds  elastic  limit  (proportionality)  of  material  at 
testing  temperature,  then  i nstanta neous  plastic  deformation  sharply 
changes  actual  value  a0  [then,  piastre  deformation  0.5o/o  it  leads  to 


decrease  a0  to  85  mN/m2 


fcg/oim2  ]. 


A*7 
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Pig.  21.  Bing  for  relaxation  tests  according  tc  the  method  of  Oding. 


Eage  37. 


In  connection  with  this  tie  tests  cf  annular  s p eci men/samples  are 
possible  with  a 0,  equal  to  ,£0. 7 5- 0 .8  a/j.  Eut  also  when  <jo  = 0,8oJ2  in  a 
number  of  cases  are  possible  the  errors  intc  connection  with  plastic 
deformation  at  room  temperature,  this  is  observed  under  the  condition 

<r°*c  F 

£^C  (,03) 

<2 

This  condition  is  satisfied,  for  example,  fcr  steels  EI612  and  EI787 
with  650-7 00°C. 


During  the  tests  of  annular  s pecrmen/satples,  the 

\ 

accuracy/precision  of  tie  calculation  ot  drops  in  stress,  according 
to  formula  (102),  depends  cn  the  authenticity  cf  the  determination  of 
the  values  of  the  modulus  of  elasticity,  at  present  widely  are 
utilized  two  methods  of  determining  the  modulus  of  elasticity:  static 


and  dynamic. 
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El 48 1 in  dependence  on  temperature,  determined  by  dynamic  (1-5)  and 
static  methods  (6),  obtained  in  various  latcratcries : 1,  3,  4 - in* 
TsHIITHASh ; 2 - in  TsKTI;  5 - in  Institute  im.  Earanov;  6 - in  VIAH 
t BHAM  - All-Union  Scientific  Research  Institute  of  Aviation 
Materials], 

Key:  (1).  MN/m2.  (2).  kg/mrn2.  (3).  temperature. 


Fage  88. 


The  time  of  measurement  and  tie  range  cf  the  utilized  stresses 
virtually  exclude  the  possibility  cf  course  of  the  processes  of  creep 
with  dynamic  (£abb)  and  static  (£CT)  the  methods  of  determining  the 
modulus  of  elasticity,  however,  the  difference  between  values 
and  Ecr.  reaches  sometiies  20o/o.  Furthermore, 


certain  differences  in 
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the  values  of  the  modulus  of  elasticity  are  observed  during  its 
determination  in  the  specimen/sam p les  or  different  size/dimensions, 
cn  metal  of  different  meltings,  with  an  egual  reduction  in  forging. 


Figures  22  as  an  example  gives  dependence  curves  of  the  modulus 
cf  elasticity  of  steels  EI481  and  EIt>l2,  obtained  by  different 
methods,  in  different  labcratocies. 


At  the  same  time  in  the  reference  iiteiatcre  of  the  value  of  the 
modulus  of  elasticity  of  different  materials,  they  are  brought,  as  a 
rule,  without  the  indication  of  the  rnetnod  cf  its  determination.  This 
in  turn,  can  lead  to  faulty  conclusions  with  comparison  of  the 
resistance  characteristics  cf  the  relaxaticr  cf  different  materials. 
Therefore  this  comparison,  apparently,  can  te  carried  out  only  during 
the  use  of  values  of  E cf  the  compared  materials,  determined  by 
identical  methods. 


Are  known  the  methods  of  the  recalculation  cf  the  results  of  the 
tests  of  circular  samples  fcr  the  case  of  uriaxial  stressed  state 
[43,  71-73  ].  V.  I.  Roserblum  [43]  will  ^ropcse  solving  the  problem  of 
the  redistribution  of  the  stresses  in  uent  tar,  utilizing  a 
hypothesis  of  flow.  I.  A.  Oding  and  G . t.  Lepir  [71]  will  conduct  the 


appropriate  calculations  cn  the  basis  or  the  assumption  about 
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transform* tions  in  the  process  of  the  relaxation  of  triangular 
diagram/curve  into  trapezoidal. 

The  original  method  of  calculation  of  changes  of  the  stresses  in 
annular  specimen/sample  was  proposed  oy  Ye.  A.  Heyn  [72,  73],  who 
examines  the  problem  of  stress  relaxation  in  rectangular  bar  with 
pure  bending.  In  this  case  all  cell/elements  cf  the  volume  are 
located  in  pure  stress. 

At  the  any  moment  cf  time  t,  the  stress  distribution  in 
specimen/sample  »(y)  unambiguously  depends  cn  initial  stress.  With 
the  first  of  loading  oo(y)=ka™*. 


T . 
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Fig.  23.  Scheaatic  of  tie  stresses  in  the  secticn/cut  of  annular 
specimen/s  ample. 

Page  89. 

After  designating  <My)  — stress  ot  triangular  diagra m/curve,  to 
saae-mcmen  t true  stress  diagraa  (Fig.  23),  he  will  ottain 

jo(|)|d5  = -jak(y)yt-  °04) 

0 

Will  differentiate  both  cf  parts  of  eguaticc  (104)  on  y 

o(y)  = ^ok(y)  + ±y^^  (105) 


and  after  conducting  elementary  conversions,  we  will  obtain 

(106) 


, - 2 , . , 1 dlna,  do* 


For  first  loading  d — °-  = 1 and 

d\ny 


(107) 


is  necessary  to  know  the  value  of  initial  stress  a# which  they 
determine  consecutively  fici  the  formula 


! 


, , , V01 
0On  = 0„-l  + \°0n-°n-l)—-  ' 


brought  out  made  suppositions  of  the  transformation  of  the  transverse 
size/diaension  of  speci Be c/ samj le  Ih: 

h"  ooi 


where  °o n and  aon~  iritial  stress  wita  the  n leading  for 
specimen/saaples  with  icitial  stresses  with  the  first  loading  a*  0l 
and  # "ozJ  cr^_7  and  <x’_.  — final  stresses  with  (n-l)th  loading  for 
specimen/samples  with  iritial  stresses  with  the  first  loading  a*ol 
and  «"oi* 


, 

1 


Figure^  24  gives  the  procedure  tor  calculation  of  initial 
stresses  according  to  eguation  (1C  8)  tor  tho  second  loading  and  the 
graphic  method  of  calculation  of  actual  stress  according  to  formula 


(107)  . 


Fage  90. 
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Calculations  [73]  conducted  will  snow  that  the  curves  of 
relaxation  1,  calculated  by  formulas  (102),  (1C2a),  for  the  first 
loading  were  close  to  curved  4,  obtained  or  fcraula  (107).  After 
repeated  loadings  the  curves  indicated  snarjly  are  distinguished:  the 
true  curve  of  uniaxial  relaxation  {rove  to  tes  itself  that  below 
found  from  formulas  (102),  (102a)  (Pry.  25).  curves  2,  calculated  by 
the  hypothesis  of  trapezoid  [71],  prove  to  ke  themselves  below  true 
for  the  first  and  repeated  loadings.  The  curves  of  relaxation  3, 
calculated  according  to  the  theory  or  flow  [43],  will  prove  to  be 
alsc  close  to  true. 


Considerably  smaller  propagation  will  obtain  another  testing 
method  for  relaxation  with  bending,  aevelo{€d  in  TsNIITMAShe  [24], 
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Pig.  24.  Procedure  for  calculation  or  initial  stresses  according  to 
equation  (108)  for  the  second  loading  (a)  and  the  graphic  method  of 
calculation  of  actual  stress  (b)  £ *5 3 J . 

Page  91. 

Testing  is  subjected  the  flat/plane  plata  tj  which  is  assigned 

certain  sagging/deflection.  Operating  principle  of  the  special  device 

cf  IR-4N,  created  for  such  tests,  that  follows.  Hammers  of 

attachment,  which  create  the  necessary  sagging  cf  plate,  select 

depending  on  the  value  cf  the  assi cned/pre scribed  initial  voltage, 
the  rotation  of  cam/catch/ jaw  on  90°  provides  the  creation  of  the 

sagging/de flection  of  t*c  simultaneously  tested  springs. 

Cam/catch/ jaws  after  heating  of  attachment  turn  with  the  aid  of 

special  key/wrench.  Unloading  specimen/sample  is  manufactured  by  the 

same  key/wrench. 
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Pig.  25.  The  curves  of  stress  relaxation,  calculated  by  test  data  of 
annular  specinen/sanples  [73]:  A,  B - «0=2CC  and  300  nN/ni*  (20  and  30 
kg/nn2)  respectively:  I,  II,  III  - first,  second  and  third  insertion 
respective ly . 


Key:  (1).  Time,  h.  (2).  kg/xa2.  C3J>.  MV/^ ^ 
Page  92. 

Stresses  calculate  froi  the  fcraulas 

(109) 

010) 
(111) 


6 Eh 


° f*  (I  — j**)  ,# 


fo. 


o«  = 


6 Eh 


'*(  1 — H*) 
fk^fo  (f ik)n^» 


/«. 
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where  f0  - initial  elastic  deflection;  (/*))„*  — permanent  deflection; 
l—  length  of  plate;  h - thickness;  p - poisscr  ratio. 

For  measurement  (Mm  is  utilized  special  electromicrometer. 

A deficiency  in  the  method  is  difficulty  in  the  manufacture  of 
plates,  especially  in  the  case  of  nonmagnetic  naterial. 

In  work  [ 74 ] are  compared  the  cnaract er ist ics  of  relaxation, 
determined  by  the  methods  of  ring  testing  of  equal  strength  bending 
also  of  flat  springs.  Tie  calculations  of  the  stresses  in  annular 
specimen/samples  for  steel  cf  25Kh2MF  carry  out  without  taking  into 
account  of  their  redistribution  through  secticn/cut.  Table  5 gives 
corrected  values  of  remaining  stress  oT  for  1000,  3000,  5000  and 
10,000  h,  and  also  values  cf  the  relaxation  time,  calling  reduction  »0 
to  values  = 100(10)  MN/a2  (kg/aa2)  (®o=»2o  and  9o=10).  T^he 

parameters,  characterizing  first  and  the  second  the  stages  of 
relaxation,  are  designated  as  «*0,  S0  and  60,  where  ** 0 - conditional 


initial  stress  of  the  second  stage,  s0=0*o/«oJ  eo  ~ 


coefficient  of 
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the  intrag ranular  stability  cf  materials. 


Table  5 shows  that  values  <rt  for  rings  and  springs  do  not 
coincide,  the  difference  between  those  indicated  to  values  having 
different  sign  in  dependence  from  the  temperature  of  testing  and 
initial  stress. 


One  should  note  also  tie  different  oehavicr  in  the  first  and 
second  stages  of  the  process:  values  S=«,0/«0  fcr  flat  springs,  as  a 
rule,  are  more  than  for  circular  samples,  tut  values  9, 
characterizing  the  intersity  of  relaxation  cn  the  second  section,  on 
the  contrary,  for  the  tests  of  flat  springs  are  less  than  for  annular 
specimen/samples. 

Eage  93. 

The  comparison  of  the  characteristics  cf  relaxation,  found  in 
tests  for  elongation  anc  tendirg  (with  the  aid  cf  annular 
specimen/samples  without  taking  into  account  of  the  redistribution  of 
stresses),  is  conducted  in  a series  of  works  [75,  76]. 

The  comparison  of  the  charact eristics  cf  relaxation,  found  in 
experiments  to  elongaticn  ard  bending  (with  the  aid  of  annular 
specimen/samples  without  taking  into  account  cf  the  redistribution  of 


•'  


I' 

I 


i 
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stresses),  is  conducted  in  a number  of  works  [ 75,  76  ]. 

Has  reveal/detected  that  in  circular  samples  at  the  initial 
stage  of  process  is  observed  a more  intense  reduction  in  the  stresses 
in  comparison  with  cylindrical  cnes.  However,  values  ctt  after 

2C0-1000  h will  prove  tc  be  close  between  themselves  [37], 

Analogous  conclusicns  it  is  possible  tc  make  on  Table  6. 


being  of  limited  usefullness  will  oDtain  also  the  methods  of 
testing  from  the  bending  cf  specimen/sauiples  in  the  form  of  the 
metallic  film/strip,  proposed  in  ccnuection  with  spring  film/strips 
[67,  88  ].  The  essence  of  method  ccrsists  of  following. 

Spring  film/strip  introduces  into  tne  steel  rings  whose  bore 
diameter  selects  in  accordance  with  initial  stress.  The 
size/dimensions  of  rings  must  provide  outaicing  only  elastic 
deformation.  The  "charged"  rings  ace/noii  at  the  temperature  of 
testing  for  a period  of  time,  necessary  for  the  plotting  of  curves  of 
relaxation.  The  method  cf  heating  rings  with  film/strip,  just  as  the 
method  of  heating  the  arnular  specimen/samples  cf  Oding,  selects 
depending  on  those  requirements  which  places  upon  himself  the 
researcher  in  the  ratio/re laticn  tc  the  thoroughness  of  the  study  of 
the  first  section  of  relaxation.  If  necessary  of  determining  the 


, _ i — i — ^ rr  - * 
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residual  stress  through  several  minutes  after  loading  is  applied  the 
heating  in  the  fusion/melt  cf  salts  whose  composition  selects  in 
connection  with  tasting  temperature.  rot  carton  steel  and  steels  with 
the  limited  quantity  of  nickel,  is  feasible  Bore  intense  heating  - in 
the  fusion/melt  of  pure  lead  or  its  eutectics.  Tests  at  the 
temperatures,  not  calling  tie  intarse  development  of  the  processes  of 
creep,  carry  out  with  heating  in  furnace.  Fesidual  stress  determines 
according  to  the  measurements  cf  tie  raaius  of  curvature  of 
film/strip,  extracted  frem  ring,  with  tue  aid  of  the  formula 

a = £A(_L  (112) 

2 ' Po  Pp  / 

where  h - thickness  of  telt;  p0  - radius  of  ring;  Pp  ~ ; radius  of 
curvature  of  belt,  deformed  durinj  relaxation. 
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Table  5.  Comparison  of  the  results  ot  relaxation  test  of  steel  of 
25Kh  2M  IF. 
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25 
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15.0 
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80 

19600 
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17.4 
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30 
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21.2 
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15,7 
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0.70 

36000 

228 

22.8 

212 

21.2 
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20.0 
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23,5 

0,78 
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35 
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24.6 
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0.70 
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0.74 
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110 

1 1 .0 

92 
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14.0 
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30 
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26  000 

188 

18.8 
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0.40 

15000 
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35 
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87 
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62 
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| 250 

3100 

126 

12.6 

0.36 

16000 
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15.8 
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10.6 

89 

8.9 

64 

6.4 

• 400 

4000 

,25 

12.5 

0.36 

14  000 

Note.  In  numerator  - annular  specimen/samp les,  in  denominator  - 
spring . 


Key;  (1).  Testing  temperature,  °C.  (z)  . KN/ir2.  (3).  kg/mm*.  (4) 

b. 


FOOTNOTE  . In  certain  cases  it  Is  obtained  by 
the  method  of  extrapolation. 

2.  In  all  cases  it  is  obtained  by  the  method  of 
extrapolation.  ENDFOOTNOTE. 
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Table  6.  Comparison  of  the  results  or  relaxation  tests  of  annular  and 
cylindrical  speciaen/saiples  during  equal  iritial  deformation  e0 
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In  numerator  are  shown 


the  values  for  annular 


speciaen/sanples 
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in  denominator  - for  cylindrical  ones 


Key:  (1).  Steel.  (2).  Temperature,  °C.  id).  HN/m*.  (4).  kg/mm*.  (5). 
for  time,  h. 


Page  98. 

Calculations  according  to  formula  (112),  just  as  on  formula 
(102a)  for  the  annular  specimen/sairples  of  Cding,  they  propose  the 
triangular  diagram/curve  of  the  distribution  cf  stresses  over 
section/cut. 


For  the  investigation  cf  stress  relaxation  into  the  process  of 
rapid  heating  metal  (to  2000  deg/s)  was  developed  procedure  [77], 
making  it  possible  to  experience/test  under  ccnditions  of  bending  the 
flat/plane  plates,  heated  by  the  transmissicn  of  current. 


EOC  = 78153905 


beatiag  because  of  relaxati.cn  cf  stresses  at  variable  temperature  and 
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moreover  « 0 “ initial  elastic  stress  with  2C°C;  tP—  plastic 
deformation  at  temperatire  1,  which  is  composed  froe  creep  strain 
en  and  of  instantaneous  plastic  ieforaaticc  £bji- 

Original  setting  up  is  create c oy  A.  K . Fckrovskiy  and  V.  G. 
Filatov  [78]  (Fig.  26).  S p eciman/s aap>le  3,  being  attached  in  the 
joints  of  1 levers  2,  is  leaded  by  the  ass  i cne d/prescribed  bending 
moment.  The  pure  bendinc  of  saaple  is  realize/acccmplished  on  the  arc 
cf  radius  R around  the  axle/axis  of  4 levers. 
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Fig.  27.  The  installation  diagcaa  foe  measuring  stress  relaxation  in 
wire  during  the  twisting:  1,  2 - captures;  3,  <4  - support;  5 - 
specimen/sample;  6 - load;  7 - lever  wita  alter  rating/variable  am; 

8,  9 and  17  - electric  tutors;  10  - arrow/pcinter ; 11  - scale;  12  and 
13  - closed  contact  of  system;  14  - electr  magnetic  clamping  fixture; 
15  - capacitance  pickup;  16  - condenser/capacitor;  18  - mechanism  of 
the  recording  of  diagrams;  19  - limiter  loac;  20  - reheating  furnace; 
1 - relay  device  of  load;  II-III  - high-f r egue qey  oscillators;  TV  - 
mixer;  V-  detector;  VI  - exit  relay  device. 


Eage  100. 
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In  one  of  the  levers,  is  arrange/lccatea  measuring  cell/elenent  by  5, 
which  is  elastic  interchangeable  aim  with  the  stuck  on  it  two 
cesistance  strain  gauges,  heating  specimen/saiple  is 
realize/accomplished  in  fucnace,  moreover  levers  heat  only  on  a 
comparatively  low  section  and  additionally  they  cool  by  water  so  that 
the  temperature  on  measuring  arm  wcuid  remain  constant.  The  loading 
cf  specimen/sample  is  manufactured  after  its  warming  up,  for  which  in 
the  sh utter/val ve  of  furnace  are  gashes,  which  make  it  possible  to 
spread  levers  in  the  process  of  testiuy. 


The  study  of  relaxation  or  stresses  during  twisting  carries  out 
in  different  types  specimen/samples.  Thus,  for  instance,  for 
relaxation  test  of  the  voltages  in  steer  wire  is  designed  the  setting 
up,  presented  schematically  in  Fig.  27  L4l,  20].  the  initial  stress 
in  specime n/sample  on  this  setting  up  rs  assigned  by  the  rotation  of 
load  6,  connected  with  one  cf  the  captures.  The  value  of  residual 
stress  is  recorded  auto aatical ly  with  tne  aid  of  mechanism  by  18,  and 
also  we  can  be  controlled  with  the  aid  of  anew/pointer  by  10.  The 
angle  cf  twist  of  speci ven/sample  is  supported  ty  constant  with  the 
aid  of  servo  system,  which  abstract/removes  the  normally  open  contact 
of  13  systems,  fasten/strengthened  to  capture  without  load.  Setting 
up  is  eguipped  by  the  furnace,  which  makes  it  possible  to  carry  out 
the  tests  of  speci men/sa wp les  at  temperature  to  600°C. 
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Analogous  stand  of  speciaen/s aaples  with  a diameter  of  1-5  by 
the  length  of  10-100  mm  is  described  in  work  [66].  Instrument 
sensitivity  composes  0.2-0. 3". 

3.  Relaxation  in  ceiled  springs. 


Relaxation  tests  of  full-scale  coiled  springs  are  usually  the 
technological  tests,  which  carry  out  for  determining  the  stability  of 
springs  in  time.  This  procedure  £7S]  provides  fer  testing  the 
cylindrical  spring,  put  cn  tc  mand rel/moun t and  compressed  to  the 
specific  value.  Initial  stress  calculates  from  the  formula 


*0 


8 Dk  G, 

**  - Go  P°’ 


(114) 


where  D - a diameter  of  spring;  d - ware  diameter;  G0  and  G,  — 
moduli  of  shear  at  20°C  and  temperature  of  testing  t respectively;  A 
- variation  factor  of  the  windings  or  spring;  p0  - load,  applied  at 
reem  temperature  for  accomplishing  of  compression  of  spring  to 
assigned  magnitude  f0=h0-hl  (h0  and  ht  - height  of  unloaded  spring 
and  at  the  moment  of  loading  with  20°C  respectively) . 

Page  101. 


The  residual  stress 


Tt  = To 


\-A. 


(115) 
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where  hx  — height  of  the  spring,  unloaded  at  tie  moment,  of  time  r, 
with  free  state. 

For  measuring  the  clastic  set  oi  spring,  ate  applied  the  special 
attachments  with  electric  feeler,  which  make  it  possible  to 
manufacture  measurements  with  an  accuracy  tc  £0,01  mm. 

It  should  be  noted  that  during  spring  testing,  just  as  during 
bendin  tests,  loading  tbey  manufacture  only  in  elastic  region. 

For  decreasing  the  intensely  developing  prccesses  of  stress 
relaxation  directly  witfc  their  loading  in  a series  of  cases  is 
employed  the  technological  cpecaticn,  called  "ecu pression” , that 
consists  of  following.  The  manufactured  spring  they  compress  until 
the  contact  of  turns  and  withstand  for  a lctg  time  in  this  state.  The 
process  of  the  compression  cf  sprirgs  is  ccrsidered  finished,  when 
the  rate  of  flow  of  relaxation  processes  beccmes  constant. 

For  studying  the  laws  governing  stress  relaxation  in  compression 
springs  with  their  compression,  is  designed  special  setting  up  [41,  p 
313]  (Fig.  28),  that  makes  it  possible  to  carry  out  tests  at  room  and 
elevated  temperatures  with  the  autematic  recording  of  relaxation 
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curves. 


Setting  up  consists  cf  the  loading  device,  furnace,  scale  and 
photorelay.  Spring  3 installs  tc  s upport/scc ke t , then  through  it  they 
put  through  thrust/rod  ty  4.  jack  S serves  for  lift  and  lowering  of 
suspension  16,  in  which  are  installed  weights  ty  5 and  hydro-weight 
6,  with  loading  and  unlcading  of  spring,  if  ten  scspension  is 
free/released  from  jack  by  9 and  ertire/all  lead  is  concentrated  on 
spring  by  3,  the  slot  of  photocell  is  mounted  in  the  shadow  of  flag 
15,  and  it  is  included  ty  ptotorelay  19.  With  an  incidence /drop  in 
the  carrying  abilities  spring,  it  is  compressed  and  the  flag,  fixed 
to  the  arr cw/pointer  of  indicator  knob/cap  1,  open/discloses  the  slot 
cf  photocell,  in  consequence  of  which  is  switched  on  the  relay, 
clcsiqg  the  circuit  of  electromagnetic  nar tewing  8,  is  open/disclosed 
siphon  by  7 for  pumpage  frci  hydro-weignt  6. 


i . _ ^ — - 
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and  recording  arrow/poiiters;  13  - weigut  gage  spring;  14  - 
poten  tiome  ter  EMD-237;  15  - rii  lea  an/gunne  r-£  la  g ; 16  - cargo 
suspension;  17  - table  cf  setting  up;  1b  - recording  drum  electric 
elects;  19  - photo  relay;  2C  - electric  furnace. 


Key:  (1).  V. 

Eage  103. 


The  evacuated  water  falls  into  the  bucket  of  1C  scales  13  and  its 
»ass,  which  corresponds  to  an  rnci  deuce/drop  in  the  load  of  spring  in 
time,  is  recorded  by  recording  mechanism  18. 

In  recent  years  [36,  p 239;  8C]  A.  A.  Chizhikcm  is  developed  the 
method  of  relaxation  test  of  the  metal  of  full-scale  steam 
superheating  ducts.  Tests  carry  out  under  ccnditicns  of  compression 
in  special  spring  speci uen/samples  with  the  rectangular  cross  section 
cf  turn  (Fig.  29).  In  ccnnection  witn  tue  conditions  of  obtaining 
sufficient  accuracy/precisicn  of  tests  and  p«-e vention/wa rn ing  of  loss 
cf  stability  for  the  ducts  vith  a diameters  of  25-75  mm  are 
establish/installed  optimum  dimensions  of  tte  spring  specimen/sample: 
length  40,  spiral  pitch  8 mi.  Saiples  usually  manufactures  by  milling 
and  each  specimen/sample  is  subjecteu  tue  calibrating,  which  consists 
of  determination  of  ef f ert/f crce,  recessary  for  upsetting  of 
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specimen/s  ample  to  the  height,  which  corresponds  to  the  length  of 
bore.  As  a result  of  calibrating,  is  determined  the  rigidity  of 
specimen/sample  c=P/6,  vbere  P - strain;  6 - this  corresponding 
effort/focce  linear  deformation  of  specimen/saiple. 


The  iritial  upsetting  cf  specimen/sample  iV0  determines  from  the 
f crmula 


£m  (2a)1  (2b)  , 

p cR  01  ’ 

ET  c/*cp 


(116) 


where  o01  - conditional  initial  stress;  e20  and  £r  — module/moduli 
cf  elasticity  at  20°C  and  temperature  or  testing  t;  2a  - width  of  the 
section/cut  of  turn;  2b  - height;  k2  - constant,  which  depends  on 
ratio  b/a: 


b/a  . . 1 1,2  1,5  2,0  2,5  3 4 5 10 

k,  . . . 0,208  0,219  0,231  0,246  0,258  0,267  0,282  0,294  0,312— 

0,333 


Conditional  initial  stress  equal  to  of  initial  stress  annular 
specioen/sample,  calculated  according  to  formula  (102). 


Equation  (116)  is  derived  on  the  basis  of  the  theory  of  Kachanov 
[29],  according  to  which  the  agreement  of  the  curves  of  stress 
relaxation  under  conditions  of  the  different  stressed  states  is 
possible  only  with  the  equality  of  the  parameter  of  relaxation  x>  of 
depending  on  character  stressed  state. 
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Springs  are  tested  in  the  special  attachments  (see  Fig.  29). 
Value  AX o is  created  by  tightening  by  two  tack  nuts  and  it  is 
record/fixed  with  the  fixing  inserts  with  a height  of  h = H-AX0,  where 
H - height  of  specimen/sauple.  This  uietuod  cf  tests,  just  as  testing 
with  the  annular  specimen/samples  cf  Oding,  is  xass;  tests  on  by 
15-20  spec imen/sam pies. 


4.  Relaxation  in  m ultistressed  state. 


By  rasearchers'  series  are  studied  the  criteria  of  stress 
relaxation  in  m ultistresse d state. 


M ulti  stressed  state  is  created  u y unidirectional  tension  and 
twisting  of  solid  and  thin-walled  tubular  sp eci men/sara pies.  Tests 
they  carry  out  with  roox  [81]  and  at  the  increased  [36,  p 246;  82; 
83]  temperatures.  However,  the  conditions  cf  the  assignment  of 
stresses  and  strain  in  the  time  on  ot  the  utilized  for  conducting 
specific  tests  machines  somewhat  are  distinguished.  In  one  case  [81] 
during  testing  are  supported  by  constants  axial  deformation  and 
ratio/relation  of  principal  stresses. 


Pig.  29.  S peciaen/saaple  (a)  and  device  (b)  for  the  mass  tests  of 
steaa  superheating  ducts  for  creep  and  stress  relaxation:  1 - the 
tack  nuts;  2 - fixing  inserts;  3 - rod;  4 - spe cimen/sam pie. 


Page  105. 


In  other  case  [82]  constants  they  will  ue  angle  of  twist  and  the 
ratio/rela tion  of  axial  force  and  torsional  racxent,  tut  axial 
deforaation  it  remains  unccntrc  11a t le.  in  experiments  of  V.  S. 
Kaaestnikov  [83]  and  in  V.  \l.  Osadjux  [36*  p 246  ] constants  are  axial 
elongation,  and  angle  of  twist. 
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The  setting  up,  utilized  in  «crk  [a3],  differs  from  testing 
machine  by  creep  [84]  in  terms  of  the  introduction  of  the  special 
attachments,  making  it  possible  tc  support  kith  constants 
displacement  and  elongation.  The  accuracy/p recision  of  the 
maintenance  of  axial  deformation  is  egual  tc  jC.5- 1.  G* 10"*,  and 
displacement  *0. 8- 1 .7* 1 C_s.  A deficiency  in  the  setting  up  is 
comparatively  long  time  between  the  beginning  cf  testing  and  the  end 
of  the  load  (to  45  s)  . 

The  setting  up,  created  in  the  institute  cf  the  problems  of  the 
strength  of  AS  OkSSR  [85],  possesses  some  specific  special 
feature/peculiarities:  for  the  continuous  measurements  of 
effort/forces  in  specimen/sample  during  entire  time  of  tests  into  the 
loading  circuit  of  setting  up,  are  introduced  rigid  liguid  the 
dynamometers,  in  conseguence  of  whicn  the  com  pi iance/pliab ilit y of 
the  coupon ent/link s of  the  loading  circuit  is  considerably  lesser 
than  pliability  of  specimen/sample.  This  provides  the  reproduction  of 
the  phenomenon  of  stress  relaxation  virtually  in  pure  form;  for  the 
elimination  of  errors  during  the  determination  of  the  stresses  in 
specimen/sample  due  to  the  cscilla t ion/vib ratio  ns  of  the  temperature 
in  furnace  specimen/sample  kith  the  loaning  frame  they  are  placed 
under  identical  temperature  conditions. 


This  setting  up  makes  it  possible  to  carry  out  relaxation  tests 
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cf  stresses  with  the  stretching  forces  to  3CJ30C  hi  (3000  kg),  the 
torsional  moment  to  35  nr,  with  temperatures  cf  up  to  900°C. 

Figures  30  depicts  the  schematic  or  the  mechanical  feature  of 
the  setting  up.  Specimen/sample  9 hy  its  upper  end,  which  has 
threaded  thread,  is  attached  in  crcss-beam  ty  7,  which  is  connected 
with  upper  turntable  by  13  ty  means  of  lateral  thrust  by  10.  Under 
lower  plate/slab  15,  is  placed  liguiu  dynamcmeter  of  the  system  of 
the  leading  cf  specimen/sample  by  axial  force.  In  the  assembly  of 
dynamometric  device,  they  enter  horsing  2 whose  working  volume  is 
completely  filled  by  liquid  3 and  ty  inse r t/brshing  of  temperature 
compensator  17,  di  aphragm/membrane  1b  (roil  with  a thickness  of  0.1 
mm),  pressing  flanges  5,  packing  4 and  specimen  manometer  18.  The 
tutt  end  of  the  specimen/sample  is  fastened  tc  central  thrust/rod  by 
11,  connected  with  the  assembly  of  loading  (worm  reducer  1). 
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The  elimination  of  the  tending  stresses  in  spec inen/sa mple  is 
provided  by  spherical  b lcck/fcacking  20  and  ty  possibility  of  the 
displacement  of  upper  end  of  the  specruien/sanple  because  of  the 
clearances  between  the  lower  plate/slab  and  pressing  flanges.  During 
the  rotation/revolution  cf  the  wheel  of  1 ten  reducer,  the 
specimen/sample  is  loaded  by  the  axial  ro ret,  determined  by 
nanometer. 

For  creation  and  measurement  cf  that  twisting,  the 
specimen/sample  of  torque/ me  meat  is  two  idertical  device  each  of 
which  consists  of  fingei/pic  by  30,  attached  cf  upper  turntable, 
screw/propeller  29,  pusher  27  and  liquid  dynamometer  of  the  system  of 
the  loading  of  specimen/sample  by  the  torsicral  moment.  In  the 
assembly  of  dynamometric  device,  enter  pressing  flange  28,  membrane 
25,  packing  26,  working  fluid  24  with  the  temperature  compensator, 
housing  23  and  specimen  mancmeter  22.  The  housing  of  dynamometer  is 
connected  with  fixed  base  by  19,  arrange/lccate  d on  struts  21.  During 
the  rotation/revolution  cf  screw/propelier,  upper  turntable  together 
with  lateral  thrust,  cress-team  anc  upper  end  of  the  speci men/ sample 
is  rotated  on  ball  bearing  ty  14,  terug  centered  on  the  guide  6.  In 
this  case,  the  central  thrust/rod  with  the  attached  in  it  butt  end  of 
the  specimen/sample  remains  immobile  since  tfce  lower  end/face  of  nut 
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12  is  forced  against  housing  by  2.  The  value  of  the  torque/moment,  of 
twisting  s pecimen/sampl e , is  deter  ained  frea  readings  of  manometer. 

For  heating  of  specimen/sample  under  conditions  of  high 
temperatures,  serves  the  resistance  furnace  tc  8,  into  which  are 
placed  central  thrust/red  with  s peciaen/s a up le  and  loading  frame.  For 
the  control  of  the  deformations  of  specimen/sample  in  the  direction 
cf  the  action  of  its  effort/force  and  torsional  moment,  there  are 
special  devices. 

After  the  loading  cf  specimen/sauiple  fcy  axial  force  and 
torsional  moment  it  occurs  relaxation  of  axial  and  tangential 
stresses,  in  consequence  of  which  are  decreased  readings  of  the 
corresponding  manometers.  Sith  respect  to  changes  in  these  readings, 
are  constructed  relaxation  curves  with  the  cid  cf  calibration  graphs. 

The  accuracy/precisicn  of  the  maintenance  cf  axial  deformation 
comprised  ♦2.8»10_s,  and  shearing  strain  M.3»10~3  rad. 

For  tests  apply  solid  specimen/samples  with  a diameter  of  7 and 
tubular  by  diameter  10x1  am. 

Eage  108. 
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The  study  of  the  effect  of  the  complex  stressed  state  on  the 
course  of  the  processes  of  relaxat ion  will  lake  it  possible  to 
reveal/detect/expose  the  special  feature/peculiarities  of  the 
behavior  of  materials  under  these  couditiops. 


By  V.  S.  Naiuestnikcv  in  work  [83]  as  ccnducted  the  assumption 
that  during  relaxation  tests  occurs  the  elastic  incompressibility  of 
the  material  of  the  twisted  and  elongated  tube.  Then  in  the  case  of 
the  proportionality  of  the  deviator  of  the  relaxing  tangential  r and 
axial  a stresses  to  the  deviator  of  initial  stresses  must  be  observed 
the  relationship/ratio 

— = — = X = const.  (117) 

a o° 

The  validity  of  re lat ionshi p/ ratio  (117)  checks  in 
specimen/samples  made  of  duralumin  of  D16T  and  copper  with  150°C  [83] 
with  two  repeated  loadings.  The  duration  of  experiments  is  varied 
from  1 to  56  h [table  7). 


The  values  of  intecsity  a.  calculate  according  to  the  formula 

a.  = Ytfl  + 3t*  . (118) 


Prom  the  graphs  of  a change  in  value  X during  the  tests  of 
different  specimen/samples,  is  evident  certain  decrease  X in  the 
course  of  time.  However,  on  the  completion  cf  the  first  stage  of  the 
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accelerated  relaxation  cf  value  X,  they  are  stabilized. 


Given  in  Table  7 maximum  deviations  X (z)  ficm  X during  loading 
show  that,  with  excepticn  of  four  tests,  value  iX/X  does  not  exceed 
14o/o. 

V.  S.  Osasyuk  [86]  conducts  researcn  in  sclid  speci»en/sa mples 
made  of  heat-resistant  austenitic  steels  of  Kh15N35VT  and  Kh18N10T 
with  650°C.  in  this  case,  are  varied  tne  values  of  the  initial  axial 
and  tangential  ^ stresses  anu  relaticnship/ratio  T2,;°2  — 

within  limits  from  0 to  1. 


The  results  of  the  tests  of  steel  of  Kb 15N35VT  Fig.  31  depicts 
in  the  form  of  the  dependences  of  an  incidecce/drop  in  longitudinal 
stresses  from  initial  tangential  stresses  ^ for  the  different 

values  of  relaxation  tine. 


Figure#  31  shows  ttat  the  dependences  indicated  have  linear 
character  to  values  at  which  maximum  principal  stress  in  the 

skins  cf  specimen/samplcs  reaches  the  yield  feint  of  material.  On  the 
basis  of  the  experiments  conducted  is  proposed  the  dependence  of  an 
incidence/drop  in  longitudinal  stresses  in  the  complex  stressed  state 
from  an  incidence/drop  in  longitudinal  stresses  in  uniaxial  stressed 
state  (Aox): 
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Table  7.  Stress  relaxaticn  in  mult istcesse d state. 


M*T€pHM 


ofipuui 


a 

V 

°s 

(S'Mh/m’  (5kT/40C* 

AAA.  •/. 


Hoapyxetwe 


.ZU6T 


(.''Vle.ib 


Z116T 


G 


Meflb 


4 

201.5 

20,15 

58,5 

5,85 

225,6 

22,56 

0,29 

—14 

23 

6 

199 

19,9 

89,8 

8,98 

252,6 

25,26 

0,452 

+4 

21 

10 

96,6 

9,66 

24,9 

2,49 

105,8 

10,58 

0,258 

-25 

19 

12 

259 

25,90 

63,4 

6,34 

281,4 

28,14 

0,242 

— 16,7 

24 

16 

62,3 

6,23 

100,5 

10,05 

187,3 

18,73 

1,45 

—4,1 

28 

244 

211,5 

21,15 

115,7 

11,57 

291,4 

29,14 

0,55 

—9 

24 

1H 

150,6 

15,06 

84,2 

8,42 

209,8 

20,98 

0,56 

— 10,7 

4,5 

2H 

226 

22,6 

125,3 

12,53 

313,4 

31,34 

0,555 

—4 

8.5 

2H 

275,6 

27,56 

136,5 

13,65 

363,1 

36,31 

0,496 

—7 

24 

1H 

198,7 

19,87 

110,0 

11,0 

275,2 

27,52 

0,558 

— 10 

32 

3H 

232,6 

23,26 

135 

13,5 

329,9 

32,99 

0,58 

— 14 

28 

16 

65,6 

6,56 

69 

6.9 

138 

13.8 

1,05 

—0.2 

1 

18 

101 

10,1 

72,8 

7.28 

162 

16,2 

0,72 

— 1.0 

1 

20 

104 

10,4 

80 

8.0 

173 

17.3 

0.77 

-9.7 

21 

22 

51 

5,1 

42,3 

4,23 

89,3 

8,93 

0,83 

— 15,7 

23 

IP 

-77,7 

7,77 

58,2 

5,82 

127,3 

12.73 

0,74 

— 12 

22 

2P 

44,8 

4,48 

28.3 

2,83 

63 

6.3 

0,587 

—24 

17 

3P 

9U 

9,0 

39.3 

3,93 

112.8 

11,28 

0.437 

-9.1 

0.75 

V$)flropoe 

nacpyotcenue 

4 

230 

23,00 

64.1 

6.41 

255.3 

25,53 

0.28 

-12,5 

33 

6 

218 

21,80 

103,7 

10.37 

282.5 

28.25 

0.477 

—5.0 

20 

12 

301 ,6 

30,16 

64,7 

6,47 

321,7 

32.17 

0,214 

-14 

14 

16 

76 

7,6 

109 

10.9 

103.7 

10,37 

1,44 

—3.5 

23 

20 

108,5 

10,85 

81 .8 

8.18 

178,3 

17.83 

0,75 

—5 

28 

22 

75 

7,50 

58 

5,8 

125.4 

12.54 

0,77 

-6,5 

13 

2P 

10 

1 

— 

— 

— 

— 

— 

— 

— 

Key:  (1).  Material.  (2).  Number  of  specxiae n/sa ■ j le.  (3).  HN/a3.  (4). 
kg/ma2.  (5).  h.  (6).  First  loading.  (7).  Copper.  (8).  Second  loading. 
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The  d isagreement  between  the  experimental  and  calculated  by 
fornula  (119)  values  does  net  exceed  4o/o,  tut  computed  values 
found  from  the  relationship/ratios,  instituted  cn  IV  theories  of 
strength,  will  render/stow  in  a number  of  Ccses  considerably  less 
than  experimental  ones  (tc  I60/0)  . 

V.  V.  Osadyuk  [85]  gives  also  relaxation  tests  of  tubular 
samples  made  of  steel  of  Kh15NJ5VT.  It  is  cstablish/installed,  that 
between  reduction  in  the  intensity  01  stresses  _\oit  and  initial 
intensity  of  loading  <*(«>  ttere  is  a liuear  dependence  (Fig-  32). 
However,  the  points,  which  correspond  to  twistieg  and  elongation 

U/'  tfcfv  ' 

^wistinj,  are  furnished  scaewhat  higner  that  the  points, 
corresponding  to  unidircct icnal  teision. 
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Pig.  31.  The  dependence  cf  an  incidence/drop  in  longitudinal  stresses 
Aff.i  in  speciaen/samplee  Bade  of  tie  alloy  cf  Kh15N35VT  (EI612)  from 
initial  tangential  stress  *«*«  through  the  different  time  intervals, 
h:  1-50;  2 - 100;  3 - 250. 


Key;  (1).  HN/m2 . (2).  kg/aa2. 


50  <00  >50  sJOO  250 

t '%  5 25 

6,i,  »r/MM*  (y 

Fig.  32.  Sraph/diagraa  cf  dependence  hc,T— ai0.  i - twisting;  2 - 
elongation  with  twisting;  3 - unidirection al  tension. 


Key;  (1).  MN/m2.  (2).  kg/mm2, 
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Page  112. 

CHAPTER  IV. 

Effect  of  different  factors  on  the  process  cf  relaxation  of  stresses 
and  its  criteria. 

The  factors,  which  affect  the  course  cf  the  process  of  stress 
relaxation,  it  is  possitle  to  divide  into  irterral  ones  - depending 
cn  tested  material  and  external  - from  it  those  not  depending. 

A number  of  internal  factors  includes: 

the  chemical  composition  of  alloy;  the  structure:  mark/brand  arid 
uiciostructure,  fine/thin  (mosaic  ana  dislocation)  structure;  the 
technological  special  f eature/pecu  liai  xcies : the  method  of  melting, 
working  by  pressure,  work  hardening,  hear  treataent. 
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The  main  envi rcnmental  factors  include 


the  conditions  of  leading  and  unloading;  initial  stress;  time 
(service  life  of  part);  temperature;  scale  iactcr. 


Below  are  set  forth  data  on  the  errect  cf  the  enumerated 
envirenmen tal  factors;  the  icle  cf  basic  internal  factors  is 
illuminated  in  Chapter  III  and  VII. 


1.  Conditions  of  loading  and  unloading. 


Ideal  stress  relaxation  is  calleu  the  process  of  decreasing  the 
stresses  in  the  instantly  leaded  s pecimen/sample  which  during  entire 
testigg  is  located  into  absclutely  rigid  attached  state.  However, 
such  conditions  are  virtually  almost  impossible,  since  real  systems 
cannot  ensure  absolute  rigidity  (pure  relaiaticn)  and  instantaneous 
loading  [8  9,  90  ]. 


In  Chapter  II  effect  of  the  rigidity  ci  leading  was  considered 


1 


Haas*- 
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in  equations  with  the  aid  of  factor  1*cb,  wiere  c - an  adaptability 
cf  system  (elastic  compcnent/link) , equal  tc  zero  for  an  absolutely 
rigid  system. 


From  the  differential  equatiop  of  relaxation  for  the  theory  of 
the  flow 

do  Een 

dr  1+cE 

it  is  evident  that  with  an  increase  in  the  compliance/pliability  the 
rate  of  relaxation  descends. 


Eage  113. 


In  absolutely  pliable  system  («=coust)  are  created  the 
coqditions  of  pure  creep.  It  absolutely  rigid  system  are  developed 
the  processes  of  pure  relaxation,  cn  test  cata  under  conditions  of 
certain  adaptability  of  system,  it  is  possible  ty  the  corresponding 
calculations  to  determire  tbe  characteristics  cf  pure  relaxation. 

4 

After  accepting  the  similarity  of  curves  cf  creep  in  the  form 

e„  (a,  t)  = Q,  (t)  a™,  (121) 

we  will  ootain  the  following  expressions  fer  determining  of  the 
characteristics  of  pure  relaxation  from  the  data,  obtained  during 


w_ 
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tests  with  compliance/pliability  c^O. 


According  to  the  tleory  of  aging,  accordingly  [48], 


1 ~P  = 1 ~Pc 
Pm  Pc 


(1  + cE)  or 


-^-  = (l  + c£)^(  (122) 

O'™  nm 


where  index  c is  related  tc  tests  witn  compliance/pliability  c and 
are  introduced  the  designations 


p = -f ; Pc=  a< 
a# 


Ao  = a0  o;  Aae  = a0-cr,. 


As  can  be  seen  froi  expression  (122),  the  effect  of  the 
adaptability  of  system,  according  to  the  theory  of  evaporation,  it  is 
developed  to  identical  degree  for  the  cliff erent  moments  of  time. 


According  to  the  theory  of  flow,  accordingly  [7C], 

1m— 1 


a = 


— c 


l+c£ 


1 + c£  + (m  — 1)  £0,  (i)oy-1 
l + (* -!)££!,  (t)  <%~l 


(123) 


From  expression  (123)  it  is  eviuent  that,  according  to  the 
theory  of  flow,  the  effect  cf  the  adaptaoility  of  system  differently 
affects  results  of  relaiaticn  tests,  which  correspond  to  different 
■ clients  of  time. 


When  from  any  reascns  the  det erminatic c cf  the  rigidity  of 
loading  represents  knowr.  difficulties,  it  is  possible  to  use  the 
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following  method  of  value  determination  of  ccmpliance/pliability  c, 


In  the  process  of  testing,  besides  residual  stress  o,  is 
measured  the  elongation  of  the  loaded  spec i len/sample  hi. 


Page  114. 


Knowing  its  calculated  length  L and  module/iodu lus  of  the  elasticity 
cf  tested  material  at  operating  temperature,  value  c calculates  from 


the  formula 


M l 

c = — . 

L a„  — o. 


The  definite  effect  cn  the  results  of  relaxation  tests, 
especially  under  conditions  of  the  rapidly  developing  processes  of 
creep  (high  temperatures  and  initial  stresses),  is  exerted  the  rate 
cf  loading  and  unloading. 


During  the  tests  oi  annular  s pecimen/samples,  the  rate  of 
loading  is  connected  with  tte  beating  rate;  during  tests  for  bend  of 
plates  virtually  possible  i rstantar eous  loading-  The  rate  of 
unloading  in  these  cases  completely  corresponds  to  the  rate  of 
process. 


As  concerns  the  loading  conditions  during  relaxation  tests  under 
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conditions  of  elongatioc,  usually  they  utilize  two  methods  of  the 
loading  of  specime n/saaples ; either  to  tae  ass ic ned/prescribed 
initial  voltage  a0  or  tc  the  assigteu  magnitude  cf  elongation  6i0. 

In  work  [39]  were  compared  relaxation  curves,  obtained  with 
instantaneous  loading  (ideal  relaxation;,  with  the  curves,  obtained 
by  two  methods  indicated.  Tie  comparison  of  curves  was  carried  out 
via  calculations  according  to  the  theories  cf  flow,  strengthening  and 
aging.  Let  us  conduct  as  an  example  of  tne  comparison  of  relaxation 
curves,  calculated  according  tc  the  taeocy  cf  flow. 

Let  us  assume  that  the  curves  or  creep  are  similar: 

= (125) 

where  e„  ~ a rate  of  creep  strain; 

r - time,  calculated  off  the  tocgue/ac ment  of  the  load 
application; 

a - stress  in  the  cress  section  of  specimer/sample. 

In  this  case,  Bt  (r)  - venoten ically  decreasing  function,  which 
approaches  with  increase  r the  positive  limit,  moreover  already  with 
small  r 
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B1(i)«Bl(0),  (126) 

and  f(»)  - the  nonotonic ally  increasing  function,  which  satisfies  the 
condition 

f(o)>AoP y (127) 

where  A,  p - some  constants  and  p>  1. 

Fage  115. 


The  process  of  relaxation  is  descrxoed  by  the  equation 

±.4L  + Bl(T)f(o)  = 0.  (128) 

Ideal  relaxation  (Fig.  33a,  cerve  1).  ihe  solution  of  equation 
(128)  in  this  case  takes  tie  fora 

*»— iiwi-  (129) 

<T. 

where 

Q,  (T)  = J Bx  (T)dr.  (130) 

It  is  not  difficult  tc  see  that  wita  ary  that  fix/recorded  r an 
increase  in  «0  leads  to  ar  increase  a.  At  tie  saae  tiie  because  of 
condition  (127)  the  integral  in  the  ngnt  side  cf  equation  (129)  is 
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converged  when  *0-»-.  Hence  follows  tae  existence  upper  of  the 


Uniting  curve  of  the  relaxation,  which  corresponds  This 

conclusion  was  confirmed  by  the  ex periment s , carried  out  by  the 

! 

author  with  <r0,  exceeding  elastic  limit,  arc  also  by  experiences  in 
the  Kennedys  and  Douglas  [57]. 

Steady  loading  befcre  the  achievement  cf  stress  a 0.  Let  the 
loading  occur  on  curve  H cf  Fig.  33  and  its  durations  to  stress  «„  it 
will  comprise  rx.  Then  the  process  or  relaxation  for  the  case  in 
guesticn  can  be  described  by  the  eguation 

a 

Qi(t)-Qi(t,)— -J-  , (131) 

£ J f(°) 

if  we  conduct  countdown  ? from  the  time  of  the  beginning  pf  loading, 

I or  by  the  equation 

(t  + t,)  — Qx  (t,)  = (132) 

o. 

if  we  conduct  countdown  frci  the  t ergue/mo nent  cf  the  termination  of 
I loading. 

I Eage  116. 


Set/assuming  in  view  of  saallness  it 

Ri  (t  + Tj)  — Rj  (t)  = By  (t)  Tt, 
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«e  will  obtain 

Qx  (t)  — (ti)  = Ql  (x)  — Bx  (0)  xlt  (133) 

Ox  (t  + T,)  - Qx  (tx)  = Q,  (x)  - [fix  (0)  - fli  W]  T».  (134) 

According  to  the  condition  ( 1 26)  , the  tight  sides  of  expressions 
(133)  and  (134)  and,  consequently,  also  equations  (131)  and  (132)  with 
saall  r virtually  coincide.  He  will  be  restricted  therefore  to 
examination  curved,  deteniced  by  simpler  fcr  structure  equation 
(131). 

From  equation  (129)  and  (131)  it  is  directly  evident  that 
relaxation  curve  with  steady  loading  to  stress  w0  (see  Fig.  33,  2)  it 
is  furnished  above  ideal  curve  1. 

Steady  loading  befcre  the  achievement  cf  the  assigned/prescribed 
deformation  eo-  ~ ■ Let  us  assume  that  the  leading  occurs  as  before 
lengthwise  curved  4 (see  Fig.  33),  since  tie  rate  of  loading  is 
determined  by  the  characteristics  cf  testing  lachine  and  does  not 
depend  on  the  method  of  loading.  Up  to  tor g ue/ ic nent  rit  the  stress 
in  specimen/sample  reaches  values  «-*.  it  is  easy  to  see  that  the 
curve  of  relaxation  3 with  the  method  of  leading  indicated  is 
arrange/located  below  curve  2. 





I 


w 
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Fig.  33.  Relaxation  curves  vita 
and  of  unloading  (b). 


\n 


e uifierent  xethods  of  loading  (a) 
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In  initial  relaxation  tine,  this  fellows  frci  obvious 
relaticnsh  ip/ratios  t2<tj  ard  o*<a0;  sun^eg uent  1 y curves  2 and  3 do 
not  intersect,  since  at  the  identical  values  a ef  point  curved  2 they 
have  sialler  in  the  absclute  value  or  value  — . 

di 

Let  us  demonstrate  now  that  curve  3 is  furcished  above  curve  1, 
i.e.,  that  loading  up  tc  the  assigneu/presciibe d deformation  gives 
better/best  approach/ap  preximatien  to  meal  relaxation  curve,  than 
leading  to  the  assigned/prescri ted  voltage.  Let  us  designate  through 
o**  the  ordinate  ideal  cf  relaxation  curve  lith  r2.  Dp  to  the 
torque/moment  of  time  r2,  full/total/complete  deformation  is  equal: 
for  a curve  1 
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t, 

+ jsi(T)/[<jl(T)JdT  = e0  (135) 


and  for  curve  2 


Y + | Bi  to  / K (t)]  dT  = e0.  (1 36) 


From  expressions  (135)  and  (136)  we  attain 


o*  - o**  = £ j 5,  (t)  (/  [ox  (t)]  - f [o4  (t)]  }dx.  (137) 


It  is  obvious,  at  zero  tines  a»(t) >ct4(t) . Thus,  iron  equation  (137)  it 
follows  that  o*>o**. 


Calculations  according  to  the  tneory  cl  strengthening  showed, 
that  relaxation  curve  with  leading  before  tie  achievement  of  the 
assigned/prescribed  initial  deformation  is  formed  by  the  shift  of 
curved  ideal  relaxation  tc  the  right  to  very  lew  value,  which  makes 
it  possible  to  consider  beth  curves  virtually  coinciding-  In  the 
theory  of  aging  both  curves  coincide  cornple  tel  y . 

From  calculations  according  tc  the  different  theories  of  creep, 
it  is  also  evident  that  in  the  case  wnen  creep  strain  eni,  accumulated 
in  the  process  of  loadirg,  they  ccmpare  with  the  amount  of  elastic 
deformation,  then  relaxation  curve  with  loading  to  the 
assigned/prescribed  initial  voltage  o0  actually  coincides  with  curved 
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ideal  relaxation  for  the  initial  stress,  which  exceeds  value  a0  by 
value  eni  £. 

Fage  1 18. 

The  data,  obtained  in  experimental  work  [91],  confirmed  for 
different  rates  of  loading  the  made  aoove  conclusion  about  the 
agreement  of  relaxation  curves  with  loauing  up  to  the 
assigned/prescribed  deformation  with  ideal  curve.  At  high 
temperatures  and  with  high  initial  stresses,  tc  which  correspond  the 
high  values  of  creep  rates,  the  results  of  relaxation  tests  can 
depend  on  the  maximally  attained  rate  or  the  unloading  of  machine,  if 
this  rate  is  smaller  than  tfce  rate  or  process.  Aforesaid  illustrates 
Fig.  33b. 


For  period  of  time  t,,  the  spc pta ueou s ly  passing  process  of  the 
relaxation  (see  curve  1)  will  cause  the  smaller  accumulation  of  creep 
strain,  than  when  creep  strain  is  accumulated  dtring  the  decrease  of 
load  at  velocity  of  unloading,  attained  oy  the  tachine  (see  curved 
2).  Therefore  the  condition  cf  relaxation  eo=en  + — = const  will  be 
observed  during  testing  cnly  with  certain  tcigu e/moment  ra>r1. 

The  required  rate  cf  the  unloading  of  aachine  can  be  calculated, 
let  us  conduct  calculation  fer  the  conditions  cf  the  constant  rate  of 
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'VJtst. 

creep1 . 

FCGTNOTE  1 • At  high  temperatures  the  rapid  creep  usually  occurs  with 
constant  velocity  [27,  «7],  ENDFOOTNOTE. 


let  us  accept  expressior  for  a creep  rate 

«n  = Aon . (138) 

Then  creep  strain,  accumulated  rot  tine  t1#  comprises 

r >iog+i  (i — pn+M 

«n=  I A (o0  — ax)n  dr  = ~ , (139) 

J («  + l)a 

where  a - a rate  of  the  unlcading  cf  macnine;  p=a/oQm 


At  the  same  time  creep  strain,  accumulated  for  time  tj  under 
conditions  of  pure  relaiaticn. 


(140) 


After  equating  expressions  (139)  and  (140>,  we  will  obtain  the 
condition,  which  connects  the  ainiiaxly  necessary  for  the  passage  of 
the  process  of  relaxation  rate  of  cnloauing  in  the  machine: 


(»  — p"+1) 

0-P")  («  + !) 


(141) 


where  - creep  rate  with  stress  a0. 
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From  expression  (Ifl)  it  is  eviuent  that  value  or  depends  on  the 
characteristics  of  material  at  the  tempera t i re  cf  testing 
(slope/inclination  of  curves  of  creep  n,  the  modulus  of  elasticity  at 
the  temperature  of  testing  £ and  o 1 creep  cate  with  initial  stress), 
and  also  on  the  value  of  the  step  cf  stress  with  the  first  unloading 
to. 


2.  Initial  stress. 

initial  stress  a0  exerts  a substantial  influence  on  the  course 
cf  the  process  of  relaxation  and,  consequently,  also  on  stress  level 
ctt,  "remaining"  through  different  time  intervals.  In  this  case,  the 
effect  aa  in  I and  II  relaxation  times  nas  its  special 
feature/ peculiarities. 

It  is  customary  to  assume  that  witn  an  increase  in  value  a0  the 
process  of  stress  relaxation  in  initial  period  is  intensified  and  is 
more  noticeable,  the  higher  homologous  temperature.  The  analysis  of 
the  initial  sections  of  a large  number  of  primary  curves  of 
relaxation  shows  that  tbe  effect  of  initial  stress  affects  not  so 
much  tbe  absolute  value  cf  a drop  in  the  voltage  A«,  as  on  the  rate 
cf  descent  in  the  stress,  wticb  is  eviuent,  for  example,  from  Fig. 
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34.  However,  the  mutual  arrangement  or  carves  c-r,  obtained  at 
different  values  *0,  during  the  first  stage  of  the  process  of 
relaxation  does  not  always  correspcnu  to  tie  initial  stresses,  with 
which  they  are  obtained. 

if  we  assign  certain  value  theu  at  diflerent  values  «0  it 
will  be  reached  through  different  time  intervals  r.  Than  higher  a0f 
the  shorter  the  tiae,  necessary  for  achisvesent  of  the  assigned 
■agnitude  and  vice  versa,  althcuyh  nere  it  is  not  possible  to 
establish/install  strict  pr eportic paiity. 
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Fig.  34.  Primary  the  curves  of  the  relaxaticc  cf  heat-resistant 
nickel-chr cmium  alloy  at  750°C  and  different  values  o0,’1n/mz 
(kg/ma2)  : 1 - 200(20)  ; ; - 250  (25)  ; 3 - 30C  (30)  ; 4 - 400  (40)  . 

Fey:  (1).  Mn/a2 . (2).  kg/mm2.  (3).  Time,  h. 

Eage  120. 

The  experimental  data,  vhich  confirm  this  position,  are  given  in 
Table  8.  E.g.,  for  a nickel-chrcai urn  alroy  »ith  600°C  a voltage  drop 
across  50  'in/n2  (5  kg/m«2)  is  reachea  at 

*o»  Mn/»2  (kg/mm2)  loo  (10)  150  (15)  200  ( 20) 

tiae,  h 200  60  15 


and  at  750°C  for  A«=100Mn/bi2  (10  kg/mm2)  : 
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to,  MN/n2  (kg/mm*)  200  (20)  250  (25)  300  (30) 


time,  h. 


200  30 


15 


It  is  necessary  to  eiphasrze  that  in  tie  given  in  table  8 
examples  the  initial  stiess  was  kncwingiy  lcwer  than  elastic  limit  at 
this  temperature.  At  higher  values  or  close  to  elastic  limit  or 

exceeding  it,  kinetics  cf  drop  in  o0  can  sharply  differ  from  that 
shewn. 


Another  picture  is  observed  in  ll  peried  when  the  process  of 
relaxation  continues  with  fcy  the  mere  or  less  free-running  speed. 

Here  effect  of  «0  on  the  intensity  or  stress  relaxation  is  virtually 
absent,  in  any  case  at  the  temperatures  lower  than  0.5  Tan-  Of  the 
rates  cf  relaxation  at  different  values  oQ,  as  a rule,  were  very 
close.  Curves  v-r  on  the  second  section  are  siiilar  and  equidistant, 
differing  only  in  relative  Eositicr  relative  to  the  axle/axis  of 
ordinates,  i.e.,  in  the  level  of  these  remaining  at  the  given  instant 
cf  stresses.  This  is  illustrated  well  ny  the  given  tc  Fig.  34  family 
cf  the  primary  curved  of  the  relaxation  of  heat-resistant 
nickel-chromium  alloy  with  four  values  of  r0  (see  also  Fig.  111). 


At  higher  tern  pera  t tres  (>0,5  Tn„)  primary  curves  v-r  frequently 
lose  similarity  and  rates  of  relaxation  at  different  values  *0  they 
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become  variable. 

The  dependence  of  the  remaining  (final)  stiess  <jt  from  initial 
is  determined  by  the  eflect  of  the  last/latter  cn  course  process  of 
celaxation  in  both  periods.  At  the  temperatures , which  dc  not  exceed 
0.5  Tn„,  the  degree  cf  ar  increase  cf  the  intecsity  of  the  process  of 
relaxation  in  I period  because  of  an  increase  it  value  of  a0  (within 
limits  to  0,8  oo.i)  is  usually  such,  that  in  the  final  analysis,  the 
higher  initial  stress  leacs  to  the  higner  repairing  stress.  This 
confirm  data  (Table  9)  for  four  steels  of  ptarlitic  and  austenitic 
classes. 
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Table  8.  Effect  of  initial  stress  cn  kinetics  cf  the  voltage  drop  in 
1 relaxation  time. 


ra 

o.  Mh/m\ 
(kF /mm*) 

( St  AO.  Mh/jc9  inn  mm'),  a*  apexs.  t 

ryp*.  *c 

' 1 3 | 

7 | 15 

30  | 60 

120 

200 

CraAb  X15H25B4T 


650 

200  (20) 

13(1.3) 

16(1.6) 

17(1.7) 

17(1.7) 

19(1.9) 

22  (2.2) 

24 

2.4) 

250  (25) 

24 (2.4) 

25(2.5) 

26(2.6) 

28(2.8) 

28(2.8) 

31  (3.1) 

32 

3.2) 

300(30) 

25  (2.5) 

28  (2.8) 

30(3.0) 

35(3,5) 

39(3.9) 

42  (4.2) 

45 

(4.5) 

(S)  Cjiaqq  X20H60 


600 


100(10) 

15(1.5) 

20(2,0) 

22 

(2.2) 

25 (2.5) 

30  (3.0) 

36(3.6) 

42 

(4.2) 

150(15) 

15(1.5) 

20(2.0) 

30 

(3.0) 

38(3.8) 

42(4.2) 

50  (5.0) 

57 

(5.7) 

200(20) 

20(2,5) 

40(4.0) 

45  )4.5) 

51  5.1) 

58  (5.8) 

65(6.5) 

76(7.6) 

(J>  Cruaa  XH77TK) 


750 

200  (20) 

35(3,5) 

50(5,0) 

55  (5.5) 

61  (6.1) 

69  (6.9) 

80(8.0) 

93 

(9.3) 

250  (25) 

57  (5.7) 

65(6.5) 

75(7,5) 

82 (8.2) 

97  (9.7) 

109(10.9) 

123 

12.3) 

300(30) 

57  (5.7) 

73  (7.3) 

88(8,8) 

100(10.0) 

111(11.1) 

125(12.5) 

141 

14,1) 

CnAaa  XH65BMTIO 


750 

200(20) 
250  (25) 

8(0.8) 

27  (2.7) 

31  (3.1) 

38(3,8) 

42  (4.2) 

48  (4.8) 

53(5,3) 

11  1.1) 

31  (3.1) 

37(3.7) 

40(4.0) 

43(4,3) 

50(5.0) 

62  (6.2) 

56  (5,6) 

300(30) 

13(1.3) 

37(3.7) 

43  (4.3) 

47(4.7) 

53(5.3) 

70(7,0j 

350(35) 

15(1.5) 

46(4.6) 

52(5.2) 

58(5.8) 

66(6,6) 

75  (7.5) 

86(8.6) 

25(2.5) 

32(3.2) 

45(4.5) 


47(4.7) 
67(6.7) 
87  (8,7) 


104(10,4) 

138(13,8) 

156(15.6) 


58(5.8) 
62  (6.2) 
83  (8,3) 
98(9,8) 


Ke|:  (1).  Temperature,  °C.  (2).  r0/m*,  (kg/mi*).  (3).  A*,  hiN/m* 

(kg/mm*),  for  time,  h.  (4)  . Steel.  (5).  Alley. 
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The  interconnection  cf  initial  anu  remaining  (ring)  stresses  (or 
initial  stress  and  drop  in  the  voltage  am)  is  nest  visually 
represented  by  graphs  o0  — oT  and  <j0—  Ao  (fig.  35)  . Such  curves 


construct  foe  the  variable  values  cf  relaxation  tine  r (or 
teaperature  t)  . With  t=ccnst,  r^cojst  tais  dependence  is  depicted  as 
the  bean  of  hyperparallels  for  different  values  r,  passing  through 
the  zero  point  axes  of  coordinates  (Fig.  35a).  A siailar  fora  has  a 
faaily  of  curves  #0-A*  (Fig.  3 5 1 ) • 


It  should  be  noted  that  the  beginning  cf  pencil  of  straight 
lines  at  zero  point  eliminates  the  concept  cf  the  "conditional  liait 
cf  relaxation"  and  the  possibility  ox  its  graphic  determination.  Are 
aore  correct  diagrams  in  Fig.  35c,  d,  wuere  the  pencil  of  straight 
lines  intersects  with  the  axle/axis  of  the  initial  stress  at  certain 
point,  which  corresponds  to  the  limit  or  relaxation. 
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Fig.  35.  schematic  dependences  .,.=  f(#0j  (a,  c,  e)  and  A*=f(*0)  (b,  d, 

Fage  123. 

Examples  of  dependences  ax  =f(0o)and  Av=f(o0)  for  real  alloys  are 
given  in  Fig.  36,  37.  Few  acalogous  grapns  it  is  brought  in  the 
literature  [65;  92,  p.  87],  but,  unfortunately  their  treatment  is  not 
always  correct. 

Numerous  experimental  cata  show  that  tte  lines,  which  reflect 
dependence  ox—f(o0),  for  different  values  r,  in  tte  common  coordinate 
system,  as  a rule,  curvilinear  [94]  as  to  dependence  A«-f(#0)  (Fig. 
39e,  f)  . Rectilinear  character  of  depenuence  o„ — <rt  during  a change  of 


DOC 


781 53906 


PIGE 


the  relaxation  time  within  the  limits  or  5CC-2CC0  h is  observed  only 
in  pure  oxygen-free  copper,  AfiMCO  iron  and  in  alloys  with  the 
structure  of  uniform  solid  solution  (Fig.  3£a) . 


1 ] 
I 


m 
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Table  9. 


Effect  of  initial 


stress 


a q on  the  retaining  stress 


or 

Mh/m' 
ikt/mm-)  | 

^ °x-  Mh/m1  /mm-).  ia  BpeiM.  « 

500  1000 

2000 

3000 

* 

10  000* 

250  (25) 
300  (30) 
350  (35) 
400  (40) 


130(13.0) 
160(16.0) 
177(17.7) 
200(2 0 0' 


120(12,0) 

145(14.5) 

160(16.0) 

180(18.0) 


105(10.5) 

125(12.5) 

140(14.0) 

160(16.0) 


100(10.0) 

110(11.0) 

125(12.5) 

150(15.0) 


CraAb  20X3MB<t> 


5S0 

150(15) 
200(20) 
250  (25) 
300(30) 

87(8.7) 

113(11.3) 

137(13.7) 

162(16.2) 

80(8.0) 
106(10,6) 
129(12.9) 
151  (15,1) 

71  (7.1) 
97 (9.7) 
120(12,0) 
140(14.0) 

67(6.7) 

90(9.0) 

110(11.0) 

129(12.9) 

CraAb  X15H35BMT 

650 

150(15) 
200(201 
250  (25) 

117(11.7) 

154(15.4) 

185(18.5) 

112(11.2) 

143(14.3) 

173(17.3) 

107(10,7) 

133(13,3) 

166(16.6) 

104  (10.4) 
130(13.0) 
160(16.0) 

fs) 

Cn.iae  XH77TIO 

600 

150(15) 
200  (20) 
250  (25) 

115(11.5) 

148(14.8) 

183(18.3) 

106(10.6) 

140(14.0) 

160(16.0) 

100(10.0) 

137(13.7) 

160(16.0) 

». 

82(8,2)- 

107(10,7)** 

135(13.5)** 

67 (6.7) 
70(7.0) 
75  (7.5) 
90(9,0) 


45  (4.5) 
54(5.4) 
74(7.4) 
87(8,7) 


94  (9.4) 
120(12.0) 
140(14.0) 


58(5.8) 

73(7.3) 

100(10.0) 


FCCTNQTE  1 . Extrapolated  values. 

After  5000  h.  ENDFOQTNG1E. 


Key:  (1).  Temperature,  °C.  (2).  MB/r*  (xg/ii2)  • (3).  BN/m*  (kg/mm*), 
fos  time,  h.  (4).  Steel.  (5).  Alley. 
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‘P/V. 


— i — — : — i l 

too  tso  (y  s 

I Or , Mh/m*  , 


Sr,Xr/MMi‘(^ 


IS  Id 


Fig.  36.  Dependence  ct  — /(o0>;  a)  ire  r-uicxel-chrc  tiun  alloy  with  20o/o 
CR,  58o/o  N I with  600°C;  b)  austenitic  steel  8h15N35VHT  (EI692)  at 
650°C.  The  duration  of  tests,  h:  1 - bOu;  2 - 1000;  3 - 3000;  4 - 
5000;  5 - 10P00.  Dotted  curves  are  extrapolated. 


Key:  (1).  HN/«z.  (2).  kg/aa*. 


HOC 
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Fig.  37.  Dependences  <rT  = /(a0)  (a)  and  a«=f(«c)  (t)  for  a 

teat-resistant  nickel-chrcaiua  alley.  Tne  duration  of  the  tests:  1 - 
50C;  2 - 1000;  3 - 5000;  4 - 10,000;  5 - 20,CCO. 

FeJ:  (1).  MN/n2.  (2).  kg/ita2. 

Page  125. 

Another  fora  take  curves  for  the  alloys,  sutjected  tc  age  hardening, 
that  ccnfira  the  graphs,  constructed  according  to  the  data  [93,  94] 
cf  the  very  endurance  tests  cf  heat-resistart  acstenitic  steel 
Kh  15N35VNT  (Fig.  36b)  ard  nickel-cbroaiua  alloy  (Fig.  37). 

With  an  increase  it  the  relaxation  tiie,  is  observed  the  gradual 
straightening  of  curves.  Eut  if  for  steel  Ffc15H25VHT  at  650°C 
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dependence  ot=/(o0)  with  t>5C00  b becomes  rectilinear  (see  Fig.  36a), 
then  for  the  nickel-chrc si ua  alloy,  tested  at  750°C,  in  spite  of 
certain  straightening  ot  curves,  tte  dependence  indicated  remains  any 
curvilinear  with  relaxation  time  (tc  20yj00  t)  (Fig.  37a). 

Dependence  A*=f(tf0)  the  cciaon  coordinate  system  is  also 
expressed  fcy  broken  line,  tut  with  suffrciertly  long  relaxation  time, 
it  becomes  rectilinear  (Fig.  35f) . Experimental  data  make  it  possible 
to  note  that  the  straigitening  of  the  lines  cf  dependence  Aa=f  (o 0) 
proceeds  for  steels  of  different  marx/orands  and  temperatures  in  wide 
time  interval  - from  100-2CC  to  3GC0  n;  nowever,  even  in  this  case 
for  the  dispersive  hardening  nickel-chromiuo  alloy  curves  A<f-v0  are 
not  straig hten/rectif ie c ccipletely  even  after  1Q000  h (see  Fig. 

37b).  The  curvilinear  character  of  dependence  «r=f(<»0)  is  observed 
for  aluminum  age-hardening  alleys  [ 174  J. 

Thus,  the  ideal  schematic  (see  big.  35b)  it  is  valid  (to  the 
specific  level  *0)  cnly  fer  structurally  stable  alloys  and  for  pure 
metals.  In  ccmmon/gener al/t ctal  fcim  tne  dependence  ot=/(o0)  is  not 
rectilinear.  More  often  it  is  possible  to  speak  about  the  rectilinear 
character  of  the  dependence  between  ot  and  tfce  apparent  stress  »'0, 
which  corresponds  to  the  beginning  cr  11  periods.  But  also  here  the 
straightness  of  lines  o0  — oT  is  observed  crly  in  certain  range  of 
stresses  (0.3-0.75)  «*0  and  of  temperatures  (0,25— 0,5)  Ta„. 
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Did  not  obtain  confirmation  and  expressed  in  his  tine  Ya.  S 
Gintsburg  [65]  the  position  that  tbe  dependence  az=f(a0)  is 
subordinated  to  power  law  ard  can  be  described  by  equation 

c,  = a(oo)J’- 
Fage  126. 
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In  actuality  during  graphing  o0—ax  in  the  dual  logarithmic 
coordinate  system  in  the  majority  cf  the  cases  is  not  observed  the 
straightness  of  curves. 

She  given  above  exper i mental  cata  and  basic  laws  one  should 
coqsider  when  selecting  of  initial  stresses  for  the  parts,  intended 
for  a work  under  conditions  of  stress  relaxaticip.  It  is  obvious  that 
higher  initial  stresses,  as  a rule,  provide  the  higher  values  of  the 
remaining  (final)  stresses. 

however,  in  this  case,  value  cf  a0  must  net  exceed  the  value  of 
elastic  limit  of  material  at  this  temperature  [ 60,  65],  With  the 
desigqatio n/pur pose  of  the  initial  stresses  in  practice,  usually  they 
are  oriented  got  to  elastic  limit,  but  to  yield  point  no*, 
allow/assuming,  as  a rule,  o0^0,8  ao.2  (witn  exception  of  the  special 
cases,  about  which  it  will  be  said  below). 
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Thus,  the  initial  stress  of  relaxation  depends  cn  the  level  of 
the  elastic  properties  cf  material,  based  cr  this,  seme  authors  [47, 
65,  95  ] express  a0  in  fractions  of  values  <ry  cr  oT,  considering  that 
if  necessary  to  compare  the  relaxation  resistance  of  the  number  of 
materials  is  expedient  tc  carry  out  comparative  tests  not  at 
identical  absolute  values  o0,  but  witn  tne  identical  value  of  ratio 

®o/ Uy  (or  (Jo/Ot)  ■ 

This  approach  undoubtedly  is  correct,  since  it  makes  it  possible 
to  more  strictly  compare  the  relaxation  resistance  of  the  series  of 
the  materials,  which  are  strongly  distinguished  by  their  mechanical 
properties  (oB>  aT,  a?)  in  the  specific  temperature  range. 

To  L.  P.  Nikitinoy  [95]  is  preposeu  the  procedure  of  the 
selection  cf  initial  stresses,  instituted  cc  the  principle  presented 
and  which  gives  the  great  possibilities  of  a comparative  evaluation 
cf  diverse  materials  according  tc  their  resistivity  cf  stress 
relaxation  at  different  temperatures,  besides  with  the  expenditure  of 
a minimum  number  of  specimen/samples  anu,  consequently,  also  the 
total  time  of  tests. 


jl 


In  these  cases  fruitf u 1/successr ui  diacrams  unlike  those  shown 


cX  I U1 


ca  Fig.  35  construct  in  the  relative  coordinates: 

ao/°T  — °v  CT0  CTr  — ax/ar'<  ao  °t  ~ A°.'  ao • aT  — Aa  °T- 

Examples  of  such  graphs  see  Fig.  36,  anu  also  83. 

Page  127.  , 

L.  P.  Nikitin  notes  the  rectilinear  character  of  dependence  it 
notes  the  rectilinear  character  cf  dependence  ojaoj— oT/o#3  for 
titanium  alley  AT-3,  structural  35KhV  and  anstenitic  steel  Kh15N35VT. 
however,  in  accordance  kith  that  presented  above  scarcely  whether  it 
is  possible  to  consider  this  straightness  general  law. 

Until  now,  we  examined  the  influence  cf  initial  stresses  on 
dependence  ax=f(o0)  or  At=[(o0)  with  tne  mitral  stresses,  not 
exceeding  0Y(oT). as  this  is  observed  in  rasteners. 

Under  certain  conditions  freguently  is  noted  the  relaxation  when 
oo>oT,  wnich  can  realize  itself  with  the  tensions  [but  not  during 
the  tests  of  the  annular  specimen/sauples  (see  Chapter  III)  ].  Stress 
relaxation  when  a0>aT,  for  exaaple,  was  observed  in  tests  for 


i 


thermal  fatigue  with  holding  at  the  maximum  temperature  of  cycle,  and 
also  in  special  experiments  [47]. 


* 
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Under  these  conditions  the  prccess  or  stress  relaxation  when 
a0>oT  is  characterized  by  the  following  special 
feature/ peculiarities. 

At  high  tenperatures  a0 , it  is  uecreascd  tc  oT  for  the  short 
time,  calculated  by  minutes;  at  normal  and  lodeiately  elevated 
temperatures  the  effective  stress  even  uurirg  very  long  time  can 
remain  considerably  more  than  aT 

K 
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Fig.  38.  Dependence  <xt  — /(o.)  in  relative  coordinates  [95]:  a) 
relaxation  tine  1 h;  b)  100  h. 

Page  128. 

Furthermore,  is  observed  tte  ncrncfotonic  character  of  dependence 
cfx=/(<T0)  with  r=const.  Real/actuall y,  as  it  has  shown  above, 
relaxation  curves  for  different  «0  (large  ay)  can  intersect.  However, 
vith  an  increase  in  the  time,  these  curves  et  comparatively  high 
temperatures  usually  art  drawn  off  iuto  oqe,  which  differs  little 
frcm  the  curve,  obtained  when  <t0=ot  (see  Eig.  13). 

It  is  necessary  to  keep  in  mind  that  at  nciaal  and  moderately 
high  temperatures,  but  lith  very  higu  w„,  stbstantiall  y exceeding 


<7r.  can  be  observed  noticeatle  strengthening  of  netal  and  increase  in 
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resistance  of  relaxation  because  of  vou  hardening.  When  the 
ncnriveted  metal  possesses  smaller  creep  strength  (relaxation)  , value 
Ao  when  oo»Ot  can  pro*e  tc  be  more  taaa  wlen  oo>oT. 

3.  Time. 

The  effect  of  time  cn  the  course  or  the  process  of  stress 
relaxation  is  closely  related  to  other  meters  - initial  stress  and 
temperature,  and  also  frem  the  structural  stability  of  the  alloy 
being  investigated.  For  exaople,  witn  an  increase  in  the  temperature 
the  effect  of  time  factcr  is  reinforced  [60]. 

Relaxation  curve  ir  coordinates  the  stress,  the  tine  (see  Fig. 
3),  distinctly  is  divide/narked  off  into  t%c  sections,  that 
correspond  to  two  relaxation  times.  The  first  period,  which  is 
ccqtiqued  in  the  majority  of  the  cases  very  short  tine,  is 
characterized  by  a sharf  voltage  drop,  wnat  answers  the  descending 
section  ab . 

The  second  relaxation  time  whose  duration  considerably  greater 
than  the  first,  on  the  contrary,  is  cnaracteri zed  by  the  very 
moderate  cate  of  voltage  drop;  relaxation  it  is  curved  on  section  be 
for  the  high  duration  of  testing  it  approaches  an  axle/axis  of 
abscissas  and  in  certain  cases  it  generally  attenuates,  i.e.. 


emerges 
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7)  D 

tc  horizontal  section. 

Page  129. 

It  is  known,  nuiercus  attenpts  at  tna  lathenatical 
generalization  of  the  ftrcticnal  dependence  of  stress  froa  the  tiae 
(see  Chapter  I and  11) . Fcr  exaxple,  uy  X.  1.  Cding  [96]  were 
proposed  the  following  equations  of  tne  first  and  second  relaxation 
tines: 


—In 

— r,  .■+** 


°i  = aQe 
CTu  = aoe 


,Vl. 


(142) 

(143) 


where  k and  p - the  constant  coefficients,  *hich  depend  on  the 
properties  of  netal; 

0 o and  «*0  - initial  stresses  I ana  of  II  periods. 

Analytical  eguatiers  of  tnis  type  nave  the  overall  deficiency: 
they  do  not  reflect  the  possible  effect  of  the  structural 
transf orna tions,  which  cccur  in  ag e-haraen i ng  alloys  at  the  specific 
tenperatur es.  Meanwhile  the  developing  xn  tine  structural 
transfornations  frequently  significantly  affect  the  character  of  the 
process  of  relaxation.  Sc,  if  in  strongly  age-hardening  alloys  the 


rx-y 


~ 
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constancy  cf  the  rate  of  relaxation  is  est at list/ins tailed 
comparatively  rapidly,  then  in  the  weakiy  hardening  alloys  the  stage 
c£  fading  the  rate  cf  relaxation  scmetimes  lasts  thousand  of  hours. 
Specific  examples  of  such  cases  are  given  in  g.  VII,  p.  4. 

The  structural  instability  of  tested  materials  is  developed 

during  the  study  of  the  effect  of  time  on  dependence  <Jt=/(a0)  and 

Ao=/(o0), 

^ which  was  examined  in  detail  atove  (see  Fig.  35-37). 

The  duration  of  the  unsteady  relaxation  time  is  of  essential 
interest,  since  with  this  is  connected  a practically  important 
guesticn  concerning  the  minimum  duration  of  experiment,  sufficient 
for  the  subsequent  extrapolation.  The  study  cf  the  numerous  primary 
curves  of  relaxation  shews  that  for  staule  at  operating  temperature 
materials  the  duration  cf  initial  periou  usually  varies  from  200  to 
1000  h.  However,  for  the  alleys,  in  whica  in  the  process  of  service 
structural  transformations  cccur/f low/last  slowly,  the  unsteady 
period  can  be  continued  considerably  larger  periods. 

In  connection  with  this  the  time  on  relaxation  tests  of  the 
materials,  intended  for  prolonged  service,  in  csr  laboratories 
comprises  1000-3000  h. 


Eage  130 


DOC  = 701 53906 


PAGE 


Considerably  less  frequent  than  the  relaxation  test  at  elevated 
temperatures  they  lead  tc  1C-20  theus  h [ 93,  172  ] (i.e.  to  the  actual 
service  life  of  fasteners),  and  at  nornal  temperature  - to  50  thous  h 
[70,  97],  The  results  of  experiments  in  so  high  a duration  (for 
example,  see  Fig.  84,  111)  represent  large  value  for  testing  of  the 
correctness  of  extrapolation  according  to  the  results  of  less 
endurance  tests. 

4.  Temperature. 


Temperature  effect  cn  the  process  of  stress  relaxation  in  metals 
and  alloys  is  completely  great.  As  already  aenticned  in  chapter  I, 
analogous  with  creep  distinguish  stress  relaxation  with  lov  (less 
than  0.25  Tnii)t  average  (0,25 Ton  — 0,5  Tna)  and  uigfc  (is  more  0,5  fna) 
temperatures. 


The  mechanisms  of  relaxation  cf  stresses  (and  of  creep)  in  the 
temperature  ranges  indicated  are  difierent.  Sc,  the  prevailing 
techanism  cf  low-temperature  relaxation  is  slip  and  intersection  of 
dislocations.  Of  stress  relaxation  in  tna  mean  temperature  zone  is 
determined  by  the  intersection  of  dislocations,  by  overcoming  by  the 
dislocations  of  the  barriers  of  Powers  and,  most  importantly,  by  the 
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cross  slip.  The  specific  character  or  high-tea perat ure  relaxation  are 
the  diffusion  mechanisms  of  tne  displacement  cf  dislocations,  the 
creeping  of  dislocations,  tie  motion  of  screw  dislocations,  the 
viscous  displacement  of  Cottrell's  atmospheres  (see  Chapter  I)1. 

FOOTNOTE  1 . In  more  detail  these  questions  are  illuminated  in  G. 
Cci>rad*s  work  [2,  p.  57],  E f EFOOTNOTL. 

It  should  be  noted  that  the  enumerated  mechanisms  differently 
are  developed  during  shcrt-tera  and  prolonctd  relaxation,  and  also  in 
■etals  with  different  lattice  and  in  alloys  with  different  degree  of 
alloying.  Specifically,  in  connection  with  this  for  some  alloys,  are 
characteristic  nonmonotonic  the  curves  of  tie  dependences  of 
resistance  of  relaxaticr  frcm  temperature  (vithin  limits  to  0.25  Tn„). 
According  to  the  curve  1 of  Fig.  3S,  are  observed  the  temperature 
ranges,  in  which  the  processes  of  reiaxaticr  and  creep  are  inhibited 
as  a result  of  strain  acing,  formation  of  p rese parations 
(Guigget-Preston's  zone),  etc- 

Eage  131. 

As  illustration  can  serve  the  real  temperature  curve  of  relaxation  4 
for  austenitic  steel  of  the  type  KhldNIOT  with  «-o=350  HdN/m*  (35 

kg/am2)  and  r=24  h (on  L.  B.  Getsova's  data). 

In  other  cases  teaperature  dependence  cf  resistance  of 

relaxation  (creep)  is  ejpressed  aocotonic  curved  2 and  3,  Pig.  39. 
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lable  10.  Temperature  of  minimum  (i^  and  maximum  (T z>  resistance  of 
the  relaxation  of  some  alloys  in  the  zone  cf  temperatures  (O— 0,25)  t„„ 


MarepHaji  (0 

1 

7*. 

T, 

°c 

| “K 

•C 

! °K 

>Ke.ie30  ApMKO  { V 

Cn.iaB  A1 — Si  (cii.iylmH) 

-70 

203 

+20 

293 

-70 

203 

+20 

293 

TiiTaHOBwe  ac-cn.iaBbif^ 
BblCOKOnpOMHbie  IODHCT- 

pyKUHOHIlbie  CTa.IH  Ul 
AvcreHHTHaa  CTa.ib 

4-20 

293 

300-350 

573—623 

+20 

293 

150—250 

423—  523 

X18H10T 

Cn.iaBbi  Ha  HHKe.ieBOii  oc- 

220 

293 

300 

573 

HGBe  . . . ^.7/.  . . . 

400 

673 

500—550 

773—823 

Key:  (1).  Material.  (2).  Iren  cf  Armcos.  (3).  Alloy  Al-Si 
(siluminum).  (4).  Titanium  <r-alloys.  (5).  High-strength  structural 
steels.  (6).  Austenitic  steel  Kh18N10T.  (7).  Nickel  base  alloys. 


Page  132. 


A similar  form  of  curves  is  characteristic  for  alloys  whose  processes 
cf  strain  aging  either  ret  at  all  are  ooserted  (curve  2)  , or  they 
cccur/f low/last  so  intensely  that  the  low- temperature  relaxation 
(creep)  is  virtually  absent  (curve  3). 

Table  10  gives  the  reduced  temperatures,  which  correspond  to  the 
basic  zones  of  a curve  cf  type  1 (fig.  39). 
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The  insignificant  intensity  of  stress  relaxation  in  metals  at 
temperatures  lower  than  0°C  long  time  served  as  occasion  for  doubts 
cf  its  existence.  However,  the  processes  of  stress  relaxation 
real/actually  occur  at  the  temperatures  lower  than  0°C.  So,  Feltam 
[98]  studied  relaxation  in  iron  of  Armko  (Bis.  40),  cobalt,  copper, 
a-brass  and  magnesium  alley  with  the  teiupe  tetur es  up  to  - 196°,  S.  V. 
Ha.  Zubov  and  S.  V.  Grachev  [97]  in  niga-stcength  steel  cf  brands 
70KhS  and  70S3KhMVA  at  temperature  or  -*6°C,  E.  A.  Potekhin  and  I.  I. 
Eogachev  [99]  in  austenitic  steel  cf  tne  type  3Kh10G?u  also  at  -96°C. 


A. . 
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1 4 10  W7  100  hOO 

f^BpeMn,  cer 

Fig.  40.  Short-term  stress  relaxation  iu  A E ECO  iron  with  -73°C  [98]. 


Key:  (1).  MN/m2.  (2).  kc/mm2.  (3).  lame,  §. 


750  500  750  1000  1750  1500  1750  7000 

( t)  BpeMP,  v 

Fig.  41.  Primary  curves  cf  stress  reiaxaticr  in  austenitic  steel 
Kh 1 8N2  5S2  with  a0,  mN/m 2 (kg/ma2) : solau  lires  - 200  (20);  dash  - 
150(15) . 


Key;  (1).  HN/m2.  (2).  kc/ma2.  (J)  . Tame,  h. 
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Speaking  about  mean  teaperatuie  region  (0.25-0.5)  Tn„,  it  should 
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te  noted  that  an  increase  in  testing  temperature  affects  the  primary 
curves  of  relaxation  as  fellows:  it  as  elongated  I relaxation  time  it 
increases  the  angle  of  slope  II  (rectAlAneai)  sections.  This  is 
evident  based  on  the  example  c£  he at-resrstaiit  austenitic  steel  of 
brand  Kh18N25S2,  tested  at  550  and  600°C  (Fig.  4 1).  hith  further 
increase  in  the  temperature  (higher  man  0.5  TM)  the  process  of 
relaxation  generally  cat  be  restricted  to  I period,  which  indicates 
the  f ull/t ctal/com plete  relaxation  sox tening  c£  metal.  The 
temperature,  calling  this  phase  cf  relaxation,  is  of  known  interest. 
Eut  frem  an  engineering  pcirt  cf  view  larger  value  has  the 
temperature,  which  corresponds  to  the  initial  stage  cf  softening  - 
when  begins  essential  dicp  <v  but  stilt  is  observed  completely 
stable  II  relaxation  tine. 


The  available  experimental  data  snow  that  the  softening  of  pure 
metals,  steels  and  allcps  under  the  effect  cf  the  temperature  under 
conditions  of  stress  relaxation  cccur/fiow/ Jas t s considerably  more 
intense  than  under  conditiccs  cf  creep.  Arc  given  below  the 
temperature  intervals  of  reiaxatior  softening  fer  typical  austenitic 
steels  and  nickel  base  allojs: 

•c 

AycrcHHTHbie  ora.iH  c Kap6HAm>iM  ynpOHHeHHe.M  [\>  . . 650 — 700 

To  >Ke,  c HHTepMeTajMHaHUM w . . 700 — 750 

HHKe.TbxpoMOBbie  cn.iaBbi:  f 

c.iafio  ynpoMHeHHue  . W. 750 — 800 

cpeaHe  » . 800—850 

C1I.1LH0  » (l) > 850 
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Key:  (1).  Austenitic  steels  with  caruide  strengthening.  (2).  The 
saae,  with  intermetallice.  (3).  Nickel-chrcaium  alloys.  (4).  weakly 
reinforced.  (5).  average,  (€).  strcng. 

Although  the  temperature  of  the  beginning  cf  relaxation 
softening  for  steels  with  inter meta Lride  phase  approximately  the  saae 
as  during  creep  (~700°C),  the  intersiry  of  the  course  of  the  process 
cf  stress  relaxation  with  further  increase  in  the  temperature  is 
considerably  higher.  In  ccncection  with  this  the  possibility  of  using 
such  steels  with  750°C  as  relaxation-resistant  aaterial  with 
prolonged  service  life  tirtually  drops  off.  This  is  evident  based  on 
the  example  cf  steel  Kh  15N25W7(yig.  42),  which  at  the  temperature 
indicated  only  1000  h after  retains  only  3C-35o/o  from  initial 
stress1 . 

FCCTNOTE  1 . More  detailed  data  cn  temperature  effect  on  the 
relaxation  resistance  of  heat-resistant  steels  and  nickel-chromium 
alloys  are  given  in  chapter  VI,  p.  4.  E4DFCCTNC1E. 

Page  134. 

If  we  consider  that  creep  exists  an  alternation  of  two  opposite 
processes  - softening  urder  the  effect  of  tciperature  and 
strengthening  from  plastic  deformation  (work  hardening),  then  the 
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coted  above  fact  comple 
relaxation  of  stresses 
deformation)  the  weaken 
strengthened/hardened  a 


ing  action  cf  temperature  barely  resists  the 
fleet  of  the  plastic  deformation  (see  Chapter 


I) 
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Fig.  42.  The  diagram  of  the  dependence  of  value  °t  from  the  basic 
parameters  of  testing  (t , a0,  r)  fcr  austenitic  steel  Kh1SN25V4T:  1 - 
•ffl=300  mN/m*  (30  kg/mm*)  ; II  - 250  (26);  III  - 2C0(20);  1 - 500  h;  2 - 
1000  h;  3 - 1500  h;  4 - 200C  h. 

Key:  (1).  Final  stress  /*N/m2.  (2).  *g/«a*.  (3).  Testing 

temperature,  by  °C. 
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Ya.  S-  Gintsburg  [65]  introduces  tne  ccpcept  of  the  critical 
temperature  of  relaxation  of  stresses  TK.  Begarding  the  author,  this 
is  the  temperature  of  wfich  the  value  or  ccefficient  S„,  which 
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characterizes  the  resistivity  of  relaxation  in 
constant  with  any  value  of  «0.  This  roriaulaticn 
defined,  especially  as  at  mcderately  hrgh  tempe 
initial  stress  of  a0  not  at  all  affects  value  S 

The  temperature  dependence  of  different  ch 
relaxation  was  studied  ty  trany  researchers.  Sc, 
gives  the  temperature  dependence  of  the  relativ 
Rj  ^(ajo^  100  (the  "resource/litetive  of  str  esse 

rt=  ioof  y — 

L T 

<exp(l  -f-jj  t (144) 

where  c and  d - coefficients. 

L.  P.  Nikitin  [95]  it  investigated  the  tea 
the  relaxation  time  t0,  cf  necessary  for  ackiev 
cf  relative  stress  o,/o0.  processing  tne  resul 
titanium  alloy  (Pig.  43),  of  pearlitxc  and  aust 
that  between  time  T°  • and  t there  is  an  expcnen 


I period,  remains 
is  sufficiently  not 
catures,  as  is  known, 
o* 

aracteristics  of 
F.  I.  Aleshkin  [100] 
e stress  of  relaxation 
s")  in  the  form 


perature  dependence  of 
ement  specific  level 
ts  of  the  tests  of 
enitic  steels  showed 
tial  dependence. 
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Fig.  43.  The  temperature  dependence  or  the  relaxation  tine,  necessary 
for  decreasing  the  stress  «0:  1 - to  o.so,;  2 - tc  0,5 «.  3 - to  zero. 

Eage  136. 

Presented  in  p.  2-4  data  sufficiently  convincingly  attest  about 
the  fact  that  the  effect  cn  the  prccess  of  the  relaxation  of  three 
■ain  parameters;  stress,  temperature  ana  tiie  is  closely 
interconnected. 

Therefore  logically  researchers*  tendency  to  present  the 
dependence  of  experimental  cata  simultaneously  cn  all  enumerated 
parameters,  for  example  <jt  =*/(<,  co,  t). 


By  most  convenient  is  a diagram  or  the  type  given  to  Fig.  42, 
where  is  represented  a change  cf  value  oT  as  function  of  the 
temperature,  at  different  initial  stresses.  Curves  for  different 
duration  of  tests  (in  this  case  ficm  50u  tc  2CCC  h) , obtained  at  each 
value  of  a Ql  form  the  beam,  which  diverges  in  the  direction  of  high 
temperatures.  The  latter  fact  confirms  tnat  with  an  increase  in  the 
temperature  the  effect  cf  time  on  relaxation  resistance  is 
reinforced.  The  beams  of  curves  for  arfrerent  «0  in  high-temperature 
range,  on  the  contrary,  converge,  which  indicates  the  decrease  of 
effect  of  o0  on  temperature. 

Earlier  by  us  she  was  indicated  p 60 ] that  must  exist  the 
definite  dependence  between  the  basic  parameters,  defining  the 
process  of  relaxation  - by  stress,  by  temperature  and  time, 
similarly,  as  it  takes  place  under  conuiticrs  cf  creep.  Has  proposed 
the  diagram,  connecting  simultaneously  these  three  parameters  in 
convenient  for  a designer  form  (Fic.  44a). 

According  to  this  diagram  it  is  not  difficult  tc  determine  the 
time,  necessary  for  achievement  of  tae  assigned  magnitude  of  the 
final  stress  of  <rt  at  different  temperatures  t,  or  to  determine 
(with  the  given  »„)  value  o,  on  the  assig ned/ p rescribed  service 
life. 
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Fig.  94.  Diagram  of  dependence  a-r-t:  a>  schematic  diagram;  b) 
cbrcme- vanadium  steel;  c)  chrcme-mc lyodenum- vanadium  steel  (numbers 
ty  the  curves  - • 

Key:  (1).  Temperature,  cC.  (2).  Time,  a. 

Page  137. 

Taking  into  account  straightness  aud  parallelism  of  the  lines  of 
equal  stresses,  which  encompass  wide  range  of  stress  [from  220  to  40 
Mn/b2  (22-4  kg/BB2)  ],  the  sections  or  straight  lines  in  the  right 
side  of  the  diagram  (corresponding  to  tne  greatest  durations)  during 
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its  construction  can  be  extrapolated. 


Last/latter  literature  data  [101]  confirm  the  piresence  of 


paraaetric  dependence  a-t-r , which  begins  tc  te  applied  during 


processing  of  the  results  cf  relaxation  tests.  Figures  44  shows  such 


curve/graphs  for  low-allcy  steel.  If  tae  first  cf  these  graphs  (Fig. 


44b)  completely  confirms  fundamental  diagraa  in  Fig.  44a,  then  Fig. 


44c  differs  from  it  in  that  the  lites  or  equal  stresses  here  are  not 


strictly  parallel,  but  scaewhat  they  diverge  in  the  region  of  highest 


teaperatures  and  short  relaxation  time,  however,  this  fact  must  not 


prevent  the  practical  use  oi  the  described  aethed. 


5.  Scale  factor. 


The  study  of  the  effect  of  the  size/d iiens ions  of 


speciaen/sample  (part)  cn  the  inteisity  of  tie  processes  of  stress 


relaxation  is  reflected  in  the  very  limited  nuifcer  of  works  [96,  41, 


s.  332  ].  Experiments  of  Oding  and  EurdUKskiy  [56]  were  given  at  600°C 


under  conditions  of  the  elongation  or  tne  s pec i xen/saaples  of 


different  length  (50  and  10C  aa)  and  of  diaieter  (5  and  10  aa)  , 


xanufactured  froa  steels  Kh18N12M3T,  KhtdNlCl  and  4Kh15N7G7FN 


(EI368) . 


Test  results  averaged  ty  the  aethoa  of  least  squares.  In  this 


f 
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case,  was  reveal/detected  certain  reauction  in  the  relaxation 
resistance  of  the  specimen/samples  cr  smaller  size/diaensions.  Was 
made  the  assumption  that  different  relaxaticn  life  of  the 
specimen/samples  of  different  size/dimensic cs  vas  connected  with  the 
local  character  of  the  course  of  siail  plastic  deformations  at  high 
temperatur  es. 

For  confirmation  this.  Here  carrieu  out  special  experiments  with 
the  specimen/samples,  or  the  surface  of  wonting  part  of  which  through 
every  10  a i were  applied  the  impressions  by  Vickers's  tool.  The 
distance  between  impressions  measured  with  high  accuracy /precision 
lefore  and  after  relaxaticn  test, 
if 

Page  .1 38. 

Figures  45  gives  the  graph  of  the  distribution  of  plastic 
deformation  along  the  length  of  the  specimet/s a iple  made  of  steel 
Kh18Nl2M3T,  which  was  testicg  at  6C0°C  for  500  h.  From  Fig.  45  it 
fellows  that  under  conditions  of  relaxation  is  observed  the 
considerable  scatter  of  weak  and  strong  volumes  along  the  length  and, 
apparently,  over  the  section/cut  of  specimen/sample.  Hence  it  follows 


that  in  the  specimen/sa ■ ( le £ of  a comparatively  large  diameter 
(length)  the  resistivity  c f relaxation  must  be  averaged  by  various 
volumes.  At  the  same  time  in  fine/thin  and  especially  in  short 
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s peciaen/s amples  the  averaging  of  the  distribution  of  weak  and  strong 
volumes  is  hinder/hampered.  Therefore  iu  the  first  case  relaxation 
curves  are  stable,  secordly  is  observed  their  significant  scatter. 
Furthermore,  the  locality  of  plastic  derormaticr  can  bring  in  a 
series  of  cases  to  certain  reducticn  in  the  relaxation  resistance  of 


the  specimen/samples  of  siall  size/diaensicts,  since  the  probability 
cf  tne  accumulation  of  teak  volumes  over  the  scction/cut  of 
specimen/sample  in  the  cuantity,  swfnciegt  for  its  softening,  in 
fine/thin  specimen/samples  the  value  is  more  then  in  the 
specimen/samples  of  larce  diameter.  At  tne  sane  tine  the 
speciaen/sanples  of  a saall  diameter  have  this  probability  is 
greater,  the  greater  the  length  of  specimen/sai j le. 


Fig.  45.  Graph  of  the  distribution  or  prastic  deformation  during 
relaxation  of  stresses  [56]. 

Key:  (1).  Number  of  the  section  of  speciaen/samf le. 
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It  was  establ ish/irsta  lie d also,  taat  tbe  form  cf  cross  section, 
including  the  presence  cf  thread  c ? surrace,  dc  not  have  noticeable 
effect  on  relaxation  resistance. 

I.  P.  Baushis  [41,  p.  332  ] investigated  resistance  of  relaxation 
at  different  temperatures  under  conditions  cf  ccmpressing  the 
specimen/samples  of  different  length  auu  diameter  made  of  carbon 
steel  20,  45,  48,  60S2  and  coppers  of  brand  B4  at  300  and  400°C.  The 
diameter  of  specimen/sa i p le s was  varied  within  the  limits  of  5-10  mm, 
length  - from  10  to  160  mi. 

It  is  establish/installed,  that  with  an  increase  in  the  diameter 
the  iqtensity  of  the  process  of  relaxation  increases,  especially  on 
the  second  section  of  ctrves  (Fig.  4o)  . Aq  increase  in  the  length  of 
speciaen/sample  also  leads  to  the  acceleration  cf  the  processes  of 
nelaxation;  however,  this  acceleration  is  chserved  only  on  the  second 
section  (Fig.  46). 


Howled  proposed  the  following  approximaticp  of  the  obtained 
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experimental  data: 

where  cp^/)  and  <fi2  (F)  - functions  cf  length  and  cross-sectional  area 
cf  specime n/sample. 

f («o,  r,  t)  - the  function  of  tae  paraaeters  of  the  testing: 
initial  stress  a0l  time  r and  temperature  t. 


Fig.  46.  Effect  of  the  length  of  s p eciaen/sample  (d=  10  mm),  on 
relative  value  of  an  inciderce/drop  in  stress  in  steels  20  (a)  and  45 
(b)  with  t=400°C;  *0=15C  ■»/■*  (15  ky/»a*) . The  time  of  relaxation, 
h:  1 - 1;  2 - 5;  3 - 10;  4 - 24;  5 - 48;  6 - 72;  7 - 96;  8 - 120 
[41]. 

Cage  140. 
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o = o0  — <fl([)<fi(F)f(<jt,z,t),  (145) 


The  form  of  the  furcticn  and  *2  was  selected  on  the  basis 
result  in  tests 
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(146 


(147, 


where  Al#  Bt,  A2,  B2,  C2,  Ct  - the  coefiic  ients  , depending  on  the 
physical  and  mechanical  properties  or  material. 

The  values  of  these  coefficients  for  investigated  carbon  steel 
and  copper  at  300  and  4CC°C  ccmpriseu 

At  = B,  = 4,0;  C*  = 1 cm~';  A , = fi,  = 2,0;  C,  = 0,1  cm*2. 

Thus,  the  conducted  investigations  do  not  take  it  possible  to 
make  single-valued  conclusions  abort  the  effect  cf  scale  factor  on 
the  relaxation  life  of  different  materials.  Apparently,  it  is 
analogous  with  creep,  scale  factor  can  me  revealed  as  a result:  a)  a 
rcpuniform  distribution  cf  the  creep  strength  in  different 
nicrovclum es,  which  is  differently  developed  in  the  specimen/samples 
cf  different  dimensions;  t)  different  the  effect  of  surface  condition 
cf  the  specimen/sa mples  cl  different  urmensicns  (effect  of  work 
hardening,  oxidation);  c)  tie  facilitation  cf  the  output/yield  of 
dislocations  on  surface  during  an  increase  in  tie  surface  to  volume 
ratio. 
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Different  conclusicns  cf  the  researchers  [56;  41  s.  332]  are 
explained  cot  only  manifestation  of  scare  factor  with  relaxation 
under  conditions  of  compression  and  eiougaticn,  but  also  by  special 
feature/peculiarities  of  behavior  cnaer  these  conditions  of  the 
tested  materials  (copper,  pearlitic  and  austeritic  steels). 

6.  Basic  criteria  of  stress  relaxation. 

For  the  evaluation  cf  the  relaxation  resistance  of  materials, 
serve  the  following  criteria:  the  remaining  stress;  the  voltage  drop; 
the  resource/lifetime  of  stresses;  tne  rate  cf  relaxation;  the  limit 
cf  relaxation;  the  conditional  coefficients  cf  relaxation. 

Remaining  stress.  Stress  dt,  "remaining"  in  part  or  test 
specimen  during  a certain  time  interval  frca  the  torque/moment  of  the 
loading  of  part  (s pecimen/sample)  by  initial  stress  oot  is  most 
frequently  utilized  as  the  numerical  characteristic  cf  the  relaxation 
resistance  of  metals  anc  alleys. 

Eage  141. 

In  spite  of  this,  until  now,  there  is  no  sirgle  term  for  a 


DOC  = 78153907 


designation  ■». . Besides  the  remaining  stress,  value  <n  is  called  the 
residual,  current  and  final  stresses  or  siiply  fcy  the  stress  of 
relaxation . 


Tern  residual  stress  unavoida k If  will  lead  to  confusion  with  the 
taking  root  concepts  of  the  residual  stresses  cf  the  1st  and  2nd 
kind.  Tern  the  current  stress  is  unsuccessful  in  semantic  sense  and, 
f urthernor e,  are  caused  associations  with  yield  point.  Finally, 
stress  <Tt  it  is  final  ret  always,  but  only  when  it  coincides  with 
the  termination  of  testing  cr  period  or  operation.  For  these  reasons, 
we  adhere  to  the  tern  tie  renaming  stress,  which  is  successful. 


Value  ox  during  this  period  cf  time  t depends  on  the  initial 
stress:  o%=f(o0).  This  dependence  is  analyzed  in  detail  in  p.  2 of 

Chapter  IV.  Therefore,  giving  numerical  values  <rt,  it  is  necessary  to 
indicate,  with  what  precisely  «0  they  were  cfctained,  which, 
unfortunately  not  always  is  fulfilled. 

Basic  advantage  of  the  remaining  stress  as  the  criterion  of 
relaxation  consists  in  the  fact  that  value  oT  is  obtained  directly 
freo  experiment  and  does  not  raguire  additional  mathematical 
treatment. 

The  voltage  drop  fer  the  caused  time  interval  t (Aa  = oo— a*) 


I 


1 
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together  with  that  remaining  stress  at  can  be  considered  the  basic 
criterion  of  relaxation  resistance,  wnica  were  being  applied  even  in 
the  early  period  of  the  study  cf  tte  process  cf  relaxation  [3,  102], 
Just  as  aT,  value  of  Aw  is  the  function  of  the  initial  stress:  Aw=f 
(ao)  • 


By  indirect  characteristic  cf  relaxation,  in  the  principle  of 
analoyousYhelical  sprinc  under  tbe  eifect  cf  ccipressive  force.  As  is 
known,  this  test  procedure  widely  is  applied  for  the  evaluation  of 
the  relaxation  resistance  cf  snap-springs  steel  and  alloys. 


! 


At  the  same  time  tie  value  cf  A*  and  <rT  fcr  this  time  r they 
insufficiently  fully  characterize  a comparative  resistivity  of  the 
relaxation  of  the  materials  being  investigated,  since  they  reflect 
either  preceding/previous  or  further  course  cf  the  process  of 
, relaxation. 

Page  142. 

For  judgment  about  kinetics  of  the  drop  of  stresses,  it  is  necessary 
to  know  Aw  or  aT  for  different  ti«e  intervals,  that  constitute  0.05; 
0.1;  0.2;  0.5  from  full/total/complete  time  testing  or 
assigned/prescribed  service  life. 
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Resou cce/lif e t ime  cf  stresses,  la  d series  of  cases,  a reduction 
in  the  stress  in  the  prccess  of  relaxation  is  convenient  to  represent 
in  relative  values  from  initial  stress.  Relative  value  of  the 
regaining  stresses,  expressed  in  percentages,  is  was  been  called  the 
"resource/lifetime  of  stresses": 

— • 100%. 

By  I.  A.  Oding  and  F.  1.  Aleshkin  [10,  100]  is  proposed  the 
generalized  diagram  of  the  resource/iif eti ae  cf  the  stresses  of 
relaxation  in  coordinates  R%  —x  (Fig.  47)  whc  Bakes  it  possible  to 
determine  the  relative  remaining  stress  at  the  any  moment  of  time  r. 
Diagram  is  valid  under  tte  assumption  tuat  dependence  <jt  =/(o0)  is 
rectilinear.  In  this  case  atsolute  value  at  can  be  calculated  on 
curve  ax  /o0— ■ t at  any  value  cf  «0.  however,  in  the  general  case 
dependence  az  = f (a0) , as  were  shown  on  p.  2 cf  Chapter  IV,  is  not 
rectilinear.  Since  the  degree  of  change  c*  depending  on  level  «0  can 
be  in  actuality  different,  a change  of  value  o0  even  not  between  very 
wide  limits  can  significantly  influence  the  character  by  curve  o% /a0—x. 


In  communication/ccnnection  by  F.  1.  Aleshkin  [103]  presented 
was  subseguently  developed  the  procedure  of  calculation  of  the 
stresses  in  deviation  dcnaia  free  straigh tress  and  was  given  nomogram 
for  determining  the  correction  factor  for  additional  stress  which 
substantially  complicates  entire  metnoa. 


( /)  BpcMa,  V 


Fig.  47.  Diagram  of  the  "resource/1 ixetime  cf  stresses"  (relative 
stress  at  /oo ■ iooj  for  AIBCC  iron  £ 1 0o J at  different  temperatures. 


Key:  (1).  Time,  h. 
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A.  H.  Borzdyka  and  1.  A.  Uzhik  proposed  [6C]  on  the  diagram  of 
the  reserve  of  stresses  instead  of  averaged  curies  ot/a0— t (see 

Fig.  47)  to  apply  the  band  cf  scatter  for  different  values  a0.  This 
diagram  for  the  nickel-< hie lium  alloy  KaH77Hu,  tested  with  the 
initial  stresses,  which  comprise  (C.i-0.o5)  «0  z at  temperatures  of 
60C-650°C  and  (0.2-0. 5)  r0 , 2 at  70G°C,  rs  given  to  Fig.  48.  The 
scatter  of  the  experimental  points,  which  correspond  to  the  values  a0 
indicated,  is  sufficiently  great,  in  particular  at  higher  temperature 


J 
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fig.  48.  The  diagram  of  a change  it  relative  stress  (at/a,ioo)  in 
tiie  for  the  nickel-chrc  liui  alloy  Khbl  77TY  u (by  curves  is  limited  the 
band  of  the  scatter  of  the  experi uental  points  fcr  different  values 
•o)  • 

Key:  (1).  Tine,  h. 

Fage  144. 

They  usually  calculate  the  average  stee a of  relaxation  ( vr ) for 
certain  tine  interval,  Jiaited  by  two  points  (r2  and  rx)  in  priiary 
relaxation  curve: 


0 =°»7q« 

T,  — T, 


049) 


Value  vr  Measures  in  unity  of  tae  stress,  in  reference  to  tine 


wmawn* 
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unit,  cr  in  percentages  in  tcur. 

The  logarithmic  rate  of  relaxation  £ 3 ] is  determined  by  the 
equation 


^ = In  a,  — In  g, 

t,  — T, 


(150) 


and  it  is  expressed  in  \alues  h cr  min-1. 


Value,  inverse  to  k: 


t0  = T«~T' 

In  a,  — In  a. 


(151) 


by  the  name  "time  of  relaxation”  [3]  earlier  also  was  applied  as  the 
characteristic  of  relaxation. 


1.  A.  Oding  and  P.  1.  Aleshkin  establish/installed  on  the  iron 
cf  Arncos  linear  (in  the  logarithmic  coordinate  system)  dependence  of 
the  rate  of  relaxation  vr  cn  the  time  of  testing.  Temperature 
dependence  vr  is  expressed  cn  the  logarithiic  graph  by  broken  line 
[100  ]. 

On  data  of  Ya«  S.  Cintsburg  [65),  dependence  a0—  vr  in  dual 
logarithmic  coordinates  is  described  oy  straight  lines  (Pig.  49a), 


- ~ tear  -»  .A 
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whence  by  it  was  Bade  assuaption  about  tae  presence  between  a0  and 
vr  of  exponential  coaa cnication/ccnuectro n , siiilac  available 
between  a and  vn  under  conditions  or  creep  (vu=Aana). 
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Fig.  49.  Graph/diagrams  ci  dependence  a,— a)  on  data  of  7a.  S. 
C-intsburg  [65];  b)  on  data  [60]. 

Key:  (1).  MN/m*.  (2).  kg/i«*.  (3).  Ml/  (in**  h)[  10~*  kgf(m*«h)]. 

Fage  145. 

If  tti  is  dependence  fcr  the  prccess  of  relaxation  actually 
existed,  then  of  curve/graFhs  lno— lnuB  uncer  the  condition  of 
replacing  the  relative  values  cf  a 0 along  tie  axis  of  ordinates  by 
absolute  values. 

However,  dependence  vr=A&^  -did  not  obtein  confirmation  in  other 
researchers'  works.  Atteipts  at  the  constractic;  of  logarithmic 
graphs  a<j—vr  on  numerous  exper imeatal  data  did  not  give  the 
satisfactory  results:  either  obtairea  straight  lines  lay  down  almost 


p — — 
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in  parallel  to  the  axle/axis  of  abscissas  ci  lices  were  broken  lines 
in  region  are  most  high  stresses  and  races  cf  relaxation  (Fig.  49b) . 

It  should  be  pointed  out  that  tae  existence  of  dependence 
vr=Ao " would  contradict  established  facts  about  the  insignificance  of 
effect  of  «0  on  or  in  II  relaxation  time  and  practical  parallelism 
cf  the  primary  curves  (kithin  the  limits,  corresponding  to  II 
nature),  obtained  at  different  values  «0  (see  Chapter  IV,  p.  2). 

Limit  of  relaxation.  This  teri  appiy,  at  least,  in  three 
versions:  the  true  (physical)  limit  or  stress  relaxation;  apparent 
stress  for  to  given  speed  relaxation;  tne  conditional  (technical) 
limit  cf  relaxation  (on  stress)  . 

Under  the  true  (physical,  theoretical)  liiit  of  stress 
relaxation  by  analogy  with  physical  creep  liiit,  is  understood  the 
saximum  initial  stress,  jet  not  calling  of  relaxation  [96].  This 
characteristic  is  net  virtually  applied,  and  the  existence  of  the 
physical  limit  of  relaxation  thus  far  does  ret  have  sufficient 
experimental  confirmation. 


Also  did  not  win  acceptance  the  conditional  limit  of  relaxation 
according  to  Ya.  S.  Gintsterg  [65],  represei ting  the  initial  stress, 
leading  to  the  assigned/prescribed  average  speed  of  relaxation  on  the 
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straight  portion  of  priiacy  curve  a-r  aud  determined  on  logarithmic 
graph  o0—  vr  { see  Fig.  4S)  . As  it  was  noted  earlier,  the  existence  of 
the  power  dependency  between  the  cate  of  relaxation  vr  and  initial 
stress  <j o is  taken  in  dcubt. 

The  representation  cf  the  technical  lixit  cf  relaxation  or 
gives  the  schematic  diagram  Fig.  35,  from  which  it  is  evident  that 
the  lines,  which  reflect  dependences  crt*f(a0)  or  A«=f(oa)  for 
different  time  intervals  rt-r4t  are  converged  fan-shaped  at  certain 
point,  which  lies  on  the  axle/axis  or  tna  iritial  stresses. 

Page  146. 

Cut  frcm  point  of  intersection  to  the  origin  of  coordinates 
characterizes  the  value  cf  the  technical  limit  cf  relaxation 
which  is  alsc  called  the  conditional  limit  cf  relaxation  on  stress 
[92,  p.  5]*. 

FOOTNOTE  *.  The  technical  limit  of  relaxation  can  be  also  determined 
according  to  dependence  La-t(a0),  where  a'0  - conditional  initial 
stress  of  II  relaxation  times.  ENDFOOTNOTE. 

One  should  specify  that  for  real  alloys  the  intersection  of 
pencil  of  straight  lines  o»— <jt  or  oQ~  La  with  tte  axle/axis  of 
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ordinates  (Pig.  50)  in  the  najcritj  of  the  cases  occurs  not  at  point, 
tut  in  the  very  narrow  region  of  the  initial  stresses  - within  the 
liaits  of  5-20  AiN/m2  (0.5-2  kg/nn2). 

The  basic  reason  fcr  this  scatter,  if  »e  do  not  consider 
unavoidable  experimental  errors,  apparently,  it  consists  of  the 
noticed  by  I.  k.  Oding  and  1.  M . Vcl*ova  [Si,  s.  5]  shift  of  point  of 
intersection  with  the  arle/axis  of  toe  ordirates  of  straight  lines 
«0-A»,  that  correspond  tc  the  greatest  uuraticns  of  testing.  The 
phencaenon  indicated  the  authors  relate  oeceuse  of  the  insufficient 
structural  stability  of  tested  materials. 
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Fig.  50.  Graphic  determination  of  the  conditional  limit  of  relaxation 
<7^.  from  curves  «0-A a fcr  steel  Kh  15hJ5Vi.1T,  t = €50°C.  The  relaxation 
time,  h:  1 - 500;  2 - 1C00;  3 - 50C0;  4 - 1CC0. 


Key:  (1).  MN/m*.  (2).  kg/mrn*. 
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This  point  is  confirmed  ty  experimental  data  fcr  a series  of 
commercial ly  pure  metals  (iion  of  irrncos,  copper,  nickel,  titanium), 
for  which  the  straight  iines  *0-Ao  on  graphs  (cm  Fig.  50)  intersect 
sufficiently  accurately  with  the  axle/axts  cf  the  initial  stresses  at 


; I 


I . 


[ I 


T 
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cne  point. 

It  should  be  noted  that  the  absolute  value  cf  the  technical 
limit  cf  relaxation,  as  a rule,  it  is  very  small.  So,  for  austenitic 
steel  Kh  15 N 35VMT  at  650°C  =30-^40  mM/a2  |3— 4 kg/mm2)  (Fig.  50); 

for  the  heat-resistant  r ickel-chroaium  alley  KhN65VMTYu  when  750° 
ar=25  mB/m2  (2.5  kg/mm2);  for  titanium  alley  A1Z  [42]  at  450°C  80, 
at  550°C  20  mN/m2  (8  anc  2 kg/mm2) . it  is  sc/scch  low  values  q,  they 
represent  known  incon ve r iences  during  its  practical  use  for  design 
calculations. 

Coefficients  of  relaxation.  By  some  researchers  for  the  more 
detailed  evaluation  of  relaxation  properties  are  proposed  conditional 
coefficients.  So,  B.  N . Bcvinskiy  in  his  theoretical  works  as  the 
criterion  of  relaxation  utilizes  value  h=  (l/p)-1*  where  p - the 
parameter,  which  characterises  the  intensity  cf  relaxation  process 
and  depending  on  material  ard  his  structural  state  (see  page  21). 

The  coefficient  of  relaxation  life  0r  is  the  time,  which 
reguires  for  a reductior  in  the  stress  o0  tc  10  Mn/i2  (1  kg/mm2) 
(lnot=0)  [92,  s.  87].  It  are  determined  graphically  - by  the 


I 

ji 


prolongation  of  the  primary  curve  lnw-r  Defers  intersection  with  time 
axis.  Coefficient  8 r is  connected  with  the  conditional  initial 
stress  of  II  periods  of  oq  by  the  equation 


DOC  = 701  53907  EIG£  -20" 


Or  = To  In  °o-  (152) 

Stress  ig  with  sufficient  acctracy/precisicc  is  also  determined 
graphically  - by  the  prclcngaticn  cf  the  straight  portion  of  primary 
curve  to  the  left  before  intersection  with  the  axle/axis  of  the 
ordinates  (see  Fig.  3).  The  cut,  intercept/cetached  cn  this 
axle/axis,  corresponds  tc  value  cf  •0/. 

The  ratio  of  the  initial  stress  of  II  periods  >0'  to  initial 
stress  (I  periods)  a0  was  named  I.  A.  Oamg  the  "coefficient  of 
intergranular  relaxation":  £0=«o/®o»  Tais  sense  characterizes  the 
resistivity  of  metal  in  the  first  ieiaxaticn  time. 

Page  148. 

Another  criterion  cf  relaxation,  proposed  I.  A.  Oding, 
"coefficient  of  intragr anular  stability"  r0=1/tga,  where  a - angle  of 
the  slope  of  straight  portion  curved  lnw-r  to  the  axle/axis  of  the 
abscissas  (see  Fig.  67).  This  coefficient  characterizes  the 
resistivity  of  metal  in  the  second  relaxation  time.  Actually  r0  - 
time  during  which  the  stress  level  «0  is  decreased  in  e times. 


Names  both  of  coeflicients  are  connected  with  those  developed  in 
their  time  by  I.  h . Odirg  ar.d  ais  scaooi  by  the  representations  about 
the  fact  that  I relaxatici  time  is  connected  with  diffusion  processes 
and  plastic  deformation  passes  in  essence  cc  grain  boundaries,  and 
relaxation  in  II  period  is  caused  fcy  the  shift  processes,  which  occur 
inside  the  grains. 


However,  in  works  cf  Hak  Lin  [17J,  of  Cottrell  [7]  and  V.  n. 
Rosenberg  [20]  it  is  shewn,  that  the  mutual  displacement  of  grains 
during  creep  is  caused  ty  the  processes  of  slip  and  creeping  of 
dislocations  within  grains  and  ccnrecteu  with  any  new  mechanism  of 
deformation.  The  investigations  of  otner  authors  alsc  show  that  in 
the  region  of  "average"  temperatures  (0.25-C.5>  Taa  the 
intragranular  disl ocaticn-shift  processes  in  metal  occur  both  in  the 
first  and  second  relaxation  times.  Conseguertly , the  coefficients  of 
intergranular  relaxation  life  (S0)  and  of  intragranular  stability 
(r0)  , obviously,  do  not  have  that  physical  value,  which  by  them  was 
assigned  in  previous  works. 

Both  coefficients,  real/actually  tuey  at  the  same  time 
characterize  the  intensity  cf  relaxation  piccess  in  its  different 
stages. 


Therefore  we  consider  possible  iu  tue  necessary  cases  to  use 
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coefficients  S0  and  r0  for  the  additional  characteristic  of  the 
relaxation  resistance  of  the  materials  oeing  investigated,  without 
giving  to  then,  however,  initial  physical  sense. 

As  far  as  coefficient  is  concerned  8r,  it  seemingly  expresses 
entire  resource/lifetime  of  the  relaxation  resistance  of  metal,  its 
relaxation  life.  Thus,  appropriated  to  coefficient  0r  naae  can  be 
considered  successful. 

Eage  149. 


On  this  stage  of  the  study  of  tne  process  cf  stress  relaxation, 
cne  should  recognize  by  its  tasic  criteria  drop  in  the  voltage  A#  and 
regaining  stress  ot.  In  this  case,  for  practical  target/purposes,  are 
tore  preferable  the  absclute  values  or  these  characteristics,  for 
theoretical  oges  - relative. 

The  conditional  (technical)  limit  of  relaxation  or  is  in 
principle  important  and  necessary  characteristic.  However,  on  reasons 
presented  above  it  thus  far  cannot  serve  as  the  criterion  of 
relaxation  resistance  and  all  the  more  initial  value  for  design 
calculations.  Is  necessary  further  accumula ticn  of  experimental  data, 
and  also  perfection/imprc ve vent  of  tne  procedure  of  determination  o„ 
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Kinetics  of  the  prccess  of  stress  relaxation  on  its  different 
stages  anything  better  characterizes  the  average  rate  of  relaxation 
vr-  So  that  the  applicat icn/use  of  tuis  critericn  would  become  more 
effective,  it  is  necessary  tc  regulate  the  allowable  speeds  of 
relaxation  for  specific  operating  conditions. 


As  concerns  the  corditicnal  ccetncients  cf  relaxation,  then 
seme  of  them,  apparently,  can  oe  hignly  useful  dur'ng  the  study  of 


the  other  one  or  parts  cf  the  process  of  relaxat 
these  coefficients  by  ttemselves  cannot  serve  as 


At  the  same  time 


dependent 


criterion  of  the  relaxation  resistance  of  setals  and  alleys. 


One  should  specify  that  under  conditicrs  of  cyclic  stress 
relaxation  appears  the  reed  for  the  additicral  criteria  which  are 
examined  belcw. 
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Chapter  V. 

CYCLIC  STRESS  RELAX  AT 10  I . 


1.  Relaxation  with  repeated  loadings. 


During  the  operation  of  power  machrnery  equipment,  sufficiently 
frequently  are  created  tie  conditions  or  stress  relaxation  with 
repeated  loadings.  Such  ccrditicns  are  ooserved,  for  example,  during 
each  starting/launching  of  cnit  in  tee  unevenly  warmed  thoroughly 
parts;  the  thermal  stresses  in  these  parts  cyclically  relax. 
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Fig.  51.  The  dependence  cf  the  remaining  stress  ax  fros  the  nusber 
cf  the  cycle  of  loading  and  relaxation  trae  of  teat-resistant  alloys, 
lit):  1 - 0;  2 - 1;  3 - b;  H - 15;  5-30;  6-60. 

Key:  ( 1)  . HN/«2.  (2).  kc/as2.  (3).  MU/**  . (4).  Ruaber  of 

cycle. 


J 
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The  repeated  pull  cf  the  attachment  pacts  cf  power  machinery 
equipment  are  manufactured  also  after  preventive  and  major  overhauls, 
not  less  frequent  than  cne  time  pec  annum,  in  the  majority  of  the 
cases,  repeated  loading  is  iranuf act ured  to  initial  stress  level. 

Experimental  works  cn  the  study  of  relaxation  with  repeated 
loadings  are  conducted  in  recent  years  vary  intensely  [30,  105-107], 
Is  a result  of  these  investigations,  it  rs  estatlish/installed,  that 
resistance  of  this  material  of  relaxation  kith  repeated  loadings  is 
changed  in  dependence  or  testing  temperature,  iritial  stress,  number 
cf  loadings  and  interval  between  them. 

The  complex  dependence  of  resistance  cf  repeated  relaxation  on 
test  conditions  and  material  is  ccrnected  with  the  specific  character 
cf  the  cyclic  instability  of  materials,  rn  tucn,  which  depends  on  the 
temperature,  and  by  the  laws  governing  creep  at  alternating  loading. 
Iforesaid  is  illustrated  by  data  cn  short-term  relaxation  with  the 
repeated  loadings  cf  different  materials  over  a wide  range  of 
temperatures  [108].  Tests  carried  cut  under  conditions  of  elongation 
at  the  constant  values  cf  the  initial  stress  <ro(„t=* const,  moreover  a0 
was  varied  («o>*o,2  and  *„<«„  z) • li*e  Between  the  stress 
applications  was  1 h.  The  results  cf  individual  tests  are  given  in 
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The  analysis  of  the  obtained  dependences  cf  the  regaining  stress 
frem  a number  of  loadings  shows  that  depending  cn  testing  temperature 
the  intensity  of  stress  relaxation  either  is  decreased  or  it 
increases,  or  it  remains  cc  rstant/invarianle.  This  behavior  of 
materials  can  be  named  "cyclic  instability  under  conditions  of 
repeated  relaxation".  Tie  character  of  cyclic  instability  can  be 
changed  with  an  increase  in  the  nuiber  of  cycles.  Thus,  for  instance, 
at  700°C  alloy  KhN 70VM  Y uT  drring  the  first  twe  cycles  cyclically  is 
strengthened,  then  cyclically  is  softened*. 

FOOTNOTE  *.  Similar  behavior  of  31102  was  ctserved  also  with  repeated 
loadings  for  1500  h [105];  however,  tue  stages  cf  softening  were  not 
reveal/detected.  E NDF001 NOTE. 

Page  153. 

The  character  of  cyclic  instability,  as  can  be  seen  from  Table 
11,  it  is  changed  during  an  increase  in  the  temperature  of  the 
testiqg:  the  investigated  materials  at  comparatively  low  temperatures 
(corresponding  to  the  temperatures,  at  wnich  usually  they  work 
fasteners)  they  are  cyclically  hardened.  At  the  temperatures,  close 
to  tempering  temperature,  is  ooserveu  the  cyclic  softening  of 
materials  under  conditions  cf  repeated  relaxation. 
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Table  11.  Test  results  for  cyclic  sbort-ter*  relaxation. 


(0 

Mmpiu 

~no — 

Tewiep*- 
Typ*.  *C 

(^XspMKTtp  MSMtataUM  So  C yBeJWVtHUCM 
uciia  mxjiOB 

20XHMB4) 

(3H415) 

560  . 
650  (. 

if) 

llHiuiHqecKoe  ynpoHHeHHe 
v LI hkji hh ecKoe  pa3ynpoqHeHHe 

1X12BHM4* 

(3H802) 

500  L 
550 

^UHiwHqecKoe  ynpoHHeHHe 

» > 

XH80TBJO 

(3H607A) 

650  ( 
700  V 

t),  * * 

He3HamiTCiibHoe  umwHHecKoe  ynpoHHe- 
HHe 

XH70BMKDT 

(3H765) 

650  J 
700  in 

750  6 

53~ 

~Hmkj!hm ecxoe  ynpoHHeHHe 
yBnaqa^e  uHKJiHHecKoe  ynpoHHeHHe,  3a- 
sTeM  UHiMHHecKoe  pa3ynpOHHeHHe 
) UwciiHqecKoe  pa3ynpoHHeHKe 

XH70BMOTIO 

(3H826) 

700  \ 
750  C 

800  £ 

w 

->iZHK.iHMecKoe  ynpoHHeHHe 
^He3HaqHTe^bHoe  unicnHHecxoe  ynpoHHe- 
. HHe 

P UHicfiHqecKaH  cTa6*WbHocn> 

\H75BMOtO 

(3H827) 

600  ^ 
700  , 
750  C 

800  C 

900  ^ 

UmoimecKoe  ynpoHHeHHe 

7s  » » 

J!/He3HaMHTenbH0e  uHK.iHMecKoe  ynpoiHe- 
>n«e 

yllHKjiHqecKoe  pa3vnpoHHenne 
jXIimciWHecKaH  eraOtUbHocTb 

Key:  (1).  Material.  (2).  Temperature,  °c.  (3).  Character  of  change  in 

bo  with  increase  in  nunlec  cf  cycles.  14).  Cyclic  strengthening.  (5). 
Cyclic  softening.  (6).  Insignificant  cyclic  strengthening.  (7).  At 
first  cyclic  strengthening,  then  cyclic  softenirg.  (6).  Cyclic 
stability. 
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At  the  very  high  temperatures,  close  to  the  temperatures  of 
recrystallizations,  at  which  the  processes  cf  creep  are  developed 
without  strengthening  (rate  of  rapid  creep  does  not  depend  on  time), 
materials  behave  as  cyclically  stakle  (tig-  52)..  However,  in 
proportion  to  the  accumulation  of  carnage  in  the  material  when  under 
conditions  cf  creep  tests  is  develcpeu  tertiary  creep,  the  intensity 
of  the  processes  of  relaxation  with  repeated  leadings  increases 
without  depending  on  the  character  or  tue  cyclic  instability  of 
material. 

Nevertheless  most  frequently  witn  the  repeated  loadings  of 
material  it  is  strengthened.  As  the  illustration  of  aforesaid  can 
serve  the  data  given  in  Table  12. 





a,  m»/*‘ 


DOC  = 781  53907 


pig i 


J.76 


Pages  155  and  156, 


Table  12.  Relaxation  resistance  of  some  materials  uith  repeated  pull 
[76,  106  ], 


(J ' Teaniepa-  ^HuMep  ( 4) 

Mtnpnu  Typa.  '•C  Mh/m‘  Ur/uu') 


20XIM14>IT  I 565 


250  (25) 


. Mh/m'  iltr/MM').  M IpcUH,  « 


201  (20,1) 
220(22,0) 


20X1MX&ITBI  565 


20X3<HBMTI  565 


300  (30) 


300  (30) 


300  (30) 


160  (16,0) 
178  (17,75) 


145  (14,5) 
164  (16,4) 


124  (12,35) 
152  (15,2) 


123  (12,3) 
158  (15,8) 


126  (12,55) 
140  (14,0) 


110  (11,0) 

135  (13,5) 


101  (10,1) 

119  (11,9) 


92,6  (9.2) 
127  (!2.7) 


XI 81 II 01. 


XH70BMKJT 


350 

(35) 

350 

(35) 

350 

(35) 

250 

(25) 

250 

(25) 

213  (21,3) 
297  (29,7) 
328  (32,8) 


270  (27,0) 
309  (30,9) 
334  (33,4) 


307  (30,7) 
336  (33,6) 
348  (34,8) 


145 

(14.5) 

200 

(20) 

220 

(22) 

140 

(14) 

175 

(17.5) 

190 

(19) 

Fe$:  (1).  Material.  (2).  Temperature,  °C.  (2).  lumber  of  stress 
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applications.  (4)  . MN/m2  (kc/sm2)  . (5)  . MN/b2  (kg/am2)  , for  time,  h. 

Page  157. 

This  property  can  be  used  ty  decreasing  the  initial  stresses  in 
fastening  for  its  repeated  pull,  which  as  a result  will  lead  to  an 
increase  in  its  efficiency. 

The  ability  of  materials  at  the  uiouerate  temperatures  to 
increase  its  relaxation  life  in  the  process  of  repeated  stress 
applications  finds  another  practical  use:  seme  parts  are  subjected 
the  so-called  "aging",  ebich  consists  in  preliminary  strengthening  of 
laterial  via  one  or  several  repeated  loadings  cf  a ccm parative ly 
small  duration. 

"training/aging"  cen  fce  reali2e/accoa plished  under  conditions  of 
constant  or  alternating/ v ariable  temperature  level  and  different 
duration  of  cycles,  stress  application  can  be  manufactured  to  value 
a<x»)  lower  than  initial  stress  (oo(n)<oo),  e gu  a 1 to  initial  stress 

(oo»*)=oo)  and  higher  that  initial  stress  (<ro(»)><r0). 

As  a rule,  in  each  subsequent  cycle  strengthened/hardened  effect 
*■»*  is  decreased,  and  after  certain  number  cf  loadings  either  is 
••e^bed  <x>ast«nt  value  cr<x«),  cr  the  latter  begins  tc  be  decreased. 
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In  pearlitic  steel  this  cccccs  usually  after  the  third-fourth 
loadings  [92,  s.  87],  it  austenitic  ones  - already  after  the 
second-third  [24], 


On  the  whole  the  degree  of  the  effectiveness  of  training/aging 
is  determined  by  the  coubination  of  temperature,  values  of  «0  and 
oo(n).  of  number  of  insertions  and  by  intervals  between  them.  So 
large  a number  of  factors  impedes  the  establishment  of  general  laws 
and  the  optimum  conditicns/modes  cf  training/aging  for  separate 
steels  and  alloys,  until  new,  they  are  selected  experimentally. 


Analytical  dependences  for  relaxation  with  repeated  loadings  can 
be  found  within  the  fraaewcik  cl  difrerent  hypotheses  of  creep. 


Thus,  for  instance,  as  were  shewn  on  p.  3 cf  Chapter  II, 
satisfactory  conformity  with  experimental  data  was  obtained  according 
to  the  combination  theory  [1]  for  steel  25KhlHlF,  which  was  testing 
at  580°C  (see  Fig.  15) . 


The  calculations  ol  repeated  relaxation  according  to  the 
hypothesis  of  strengthening  calculate  a change  in  the  creep  rate  in 
proportion  to  the  accumulaticn  of  plastic  deformation  during  the 
preceded  cycles  of  relaiaticn. 
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Within  the  framework  cf  hypothesrs,  the  decrease  of  the 
intensity  cf  relaxation  with  repeated  loadings  is  considered  by 
changing  (decrease)  the  creep  rate  for  tne  time  of  the  previous 
cyclic  loadings. 

As  an  example  this  calculation  1 was  carried  out  in  connection 
with  tests  for  short-ten  relaxation  or  the  alley  of  K hN70 VMYuT. 

FOOTNOTE  1 . Was  used  the  program  of  calculation,  given  in  appendix. 
ENDFOOTNOTE. 

As  can  be  seen  from  Fig.  53,  the  ccrves  of  relaxation  for  the  second 
and  subsequent  loadings,  the  calculated  oy  theory  flews  with  the 
structural  parameter,  they  coincided  between  themselves  and  they  are 
characterized  b^  the  hicher  values  c rt  in  ccmgarison  with  the 
remaining  stresses  with  the  first  leading. 


Stress  relaxation  for  the  cycles  or  the  repeated  loading,  with 


DOC  = 78153908 


PJ>Gf 


/ ^ 


which  is  observed  the  scftening  o£  naterial,  caused  by  its 
defectiveness,  we  can  be  described  by  equation  [33,  110] 

= m i«n  + e*)'""  exp  [a  (ow  - T£en)  L±%±M]  , 

1 + V*  (»n+*n/)J 

(153) 

where  e„<  - creep  strair,  accumulated  in  tie  previous  cycles  of 

relaxation;  y - rigidit)  cf  loading;  a0,  - initial  stress  with  next 
loading,  connected  with  the  value  cf  load  fcj  the  relationship/ratio 


[®- 4 [1 +*(«■  + ■«>]• 

* • 


(153a) 


* 
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Fig.  53.  The  curves  of  the  relaxation  of  the  alloy  of  KhN70VWYuT  with 
75Q°C  and  »o=600f^N/«2  (6C  kg/mm2):  1,  i - experimental;  3,  4 - 
calculated;  1,  3 - first  loading;  2#  4 - second  loading. 


Key;  (1).  MN/m2.  (2).  kc/nm2.  (3).  Time,  nit. 

Page  159. 

Here  k - coefficient  of  damage  whrcn  just  as  the  constants  of 
■aterial  a,  m and  n,  defends  on  testing  temperature. 

2.  Relaxation  vith  alternating  loading. 

The  laws  governing  cyclic  relaxation  with  alternating  stress  can 
te  establish/installed  cn  tie  basis  or  cue  analysis  cf  the  behavior 
cf  materials  under  conditions  cf  eyerie  creep  with  alternating 
stress.  Direct/straight  expedients  tor  relaxation  under  such 
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conditions,  unfortunately  ir  the  literature  are  not  described. 

Tests  for  cyclic  creep  with  alternating  leading  were  conducted 
under  conditions  of  elorgaticn  - ccmpressicr  [108]  and  twisting 
[111-113]. 

Under  conditions  of  elongation  - compression,  experience/tested 
the  alleys  on  the  nickel  tasis  of  brands  KbMOVPYuT  with  750°C  and 
KJiN70VMYuT  with  800°C.  At  these  temperatures  the  materials  indicated 
are  structurally  stable  and,  as  shewed  the  described  below  relaxation 
tests  with  repeated  loads,  cyclically  they  are  softened. 

Tests  carried  out  durirg  the  symmetrical  cycle  of  loading.  The 
period  of  cycle  was  varied  from  25  uu  to  46  h„  iitheut  depending  on 
the  sign  of  the  stress  in  the  first  nalr  cycle,  creep  strain, 
accumulated  for  the  half  cycle  of  elongaticr.,  exceeded  creep  strain 
for  the  half  cycle  of  ccipressicn  (to  l5-25c/c). 

However,  during  first  10-15  s or  testing  with  the  reversed  load, 
reverse  elastic  after-effect  after  tue  removal  cf  the  load  of 
opposite  sign  caused  a roticeanle  increase  in  tie  initial  velocity  of 
creep  (Pig . 54) . 

The  results  of  some  cyclic  tests  are  given  to  Fig.  54-56  and  in 
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From  the  exaninaticn  cf  curves  of  cyclic  .creep  evident  that  with 
an  increase  in  the  nunber  cf  cycle  accumulated  for  half  cycle  creep 
strain  increases  at  first,  and  then  it  ueccnes  constant.  For  the 
period  of  cycle  25  min,  tfce  curves  cr  creep  are  stabilized  beginning 
with  the  15th  cycle. 


DOC  » 78153908  PIGI  jf 


Fig.  54.  curve  of  altercating  creep  aur-rag  first  cycle  of  tests  of 
alloy  KhN7  0VMFTYu  (EI826)  at  800°C  a wd  ®=20|*N/i2  (20  kg/BB2)  : 1 - 
elongation;  2 - coapressicn. 

KeJ:  (1).  Tine  h. 


Fig.  55.  Curves  of  creep  during  elcngat*on  and  ccapressicn  depending 
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cn  number  of  cycle  (they  are  shown  in  curves):  a)  - alloy  to 


KhN70VMFT¥u  with  800°C,  a=3C0Mli/a2  (30  & <)/  ■ n 2 ) ; b)  - alloy 


KhN70 VHYuT  with  750°C,  €=300  MN/b2  (30  Kg/m2). 


Key:  (1).  Time,  min.  (2).  line,  h. 


Fig.  56.  The  dependence  cf  creep  strain  on  a nuuber  of  cycles:  a) 
alloy  EI826  with  800°C,  «=3C0  MN/ms  (JO  kg/im2).  for  half  cycle  in 
tests  under  the  conditicns;  10  Bin  eiongaticn,  10  min  compression; 


- alloy  EI765  with  760°C,  «-300  MN/m2  (JO  kg/«»z)  for  the  half  cycle 
cf  testing  under  the  corditions:  24  h eiongaticn,  24  h compression;  1 

- elongation;  2 - compression. 

Key:  (1).  Number  of  cycles.  (2).  Numner  of  cycle. 

Fage  161. 

An  increase  in  the  period  cf  cycle  leans  to  the  stabilization  of 
curves  of  cyclic  creep  after  a smaller  number  cf  cycles  (3-5  cycles 
under  conditions  of  tests  with  the  period  of  48  h)  . lhat  is 
heavy-duty/critical  for  this  behavior  or  tte  materials,  tested  with 
the  different  period  of  the  cycle:  tne  effect  cf  frequency  or  a 
difference  in  the  amounts  of  accumtlateu  in  cycle  creep  strain,  at 
present  to  unambiguously  establish/instail. 
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The  experiments  conducted  showed  that  the  investigated  materials 
at  the  selected  temperatures  appear  as  cyclically  softened  under 
conditions  creeps  with  alternating  loading  ;cst  as  under  conditions 
cf  repeated  relaxation. 

Thus,  and  under  corditicns  of  the  alternating  loading  of  the 
characteristic  of  creep  and,  ccnsecuentxy , «lsc  relaxation  is  not 
stable  ones.  It  is  possible  to  assume  tuat  at  the  lower  temperatures 
at  nickel  base  alloys  will  te  observed  cyclic  strengthening  under 
conditions  of  alternating  creep  (relaxation). 

Similar  behavior  of  materials  characteristically  not  only  for 
nickel  base  alloys. 


r 
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'fable  13.  Results  of  soie  tests  for  alternating  creep. 
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(4) 

paera- 

cacnae 

1 

— 

XH70BMKDT 

750 

250 

25 

48  H<tu> 

0.6 

0,5 

3 

(144) 

300 

30 

48  h& 

0,65 

1 0,5 

10 

(480) 

400 

40 

25  MUH  , 

(,n 

0,11 

0,07 

127 

53 

XH70BMOT1O 

800 

300 

30 

25  uuHtl 

0,24 

0,18 

178 

74 

300 

30 

0,43 

0,38 

3 

(24) 

Note.  In  brackets  is  shown  the  time  of  testing  the  unexploded 
sp  eciaen/sanples. 

Fey:  (1).  Alloy.  (2).  Temperature.  (j)  . ilN/0*.  (4).  kg/ma*.  (5). 
Eeriod  of  cycle.  (6).  Steady  strait,  o/o,  creep  in  cycle.  (7). 
elongation.  (8).  compressicr.  (9).  Nuaoer  ci  cycles.  (10).  h.  (11). 
nin. 

Eage  162. 

Cyclic  softening  during  alternating  creep  was  reveal/detected  in 
experiments  with  lead  with  <9°c  [ 1 12J,  while  cyclic  strengthening  in 
experiments  for  the  cyclic  twistirg  of  copper  with  230°C  [111]- 
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The  examination  of  curves  of  cyclic  creep  (see  Fig.  55,  56) 
makes  it  possible  tc  accept  assumption  abort  tbeir  similarity  for  the 
half  cycles  cf  elongation  and  compression. 


Then  the  amount  of  creep  strain,  accumulated  for  k-th  half 
cycle,  can  be  described  with  the  aid  of  certain  function  of  a number 
cf  cycles  f2(k)  as  follcms: 

= 054) 

Assuming  that  f2(k)  does  cot  depend  on  time,  we  have 


^ = (*)#>• 


(154a) 


Thus,  by  utilizing,  for  example,  a hypothesis  of  strengthening, 
it  is  possible  to  calculate  the  characteristics  cf  cyclic  alternating 
relaxation.  For  the  case  cf  softening  with  the  subsequent 
stabilization,  was  suggested  following  expression  for  f2  (k)  : 

ft  (k)  = 1 + (m'  — 1)  1 1 - exp  [—a(k—  1))] , (155) 

While  for  the  case  of  strengthening  with  the  subsequent  stabilization 


cf  curves  of  creep 


where  m’,  m,  or  and  0 - the  constants,  depending  on  material, 
temperature  and  frequency  of  cycle. 


Below  corrected  values  of  constants  m'  and  a for  the  alloy  of 
KhN70VMYuT  with  750°C: 


kjm-ra 
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^/'nepiioji  uuuii,  u 

m' 

a 


48 

1.8 

0,52 


0,33 

4.0 

0,10 


Key:  (1).  Period  of  cycle,  h. 


In  spite  of  the  fact  that  with  tne  decrease  of  the  period  of 
cycle  the  rate  of  increase  ■ apparently,  alternates,  for  rough 
estimates  it  is  possible  tc  make  the  assumption  that 


where  t„-  - period  of  cycle. 


(157) 


Page  163. 


3.  Relaxation  during  cyclic  variation  in  the  teiperaturey 

One  should  distingeish  the  following  erd  ccnditions  of  stress 
relaxation  at  the  variable  temperature: 

A - condition  of  the  ccnstancy  of  the  length  of  specimen/sample, 
retained  during  change  teiperature. 


B - condition  of  the  compensation  ror  the  thermal  expansion  of 
specimen/sample  by  the  thenal  expansion  of  the  elements  of  system. 
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Condition  A is  observed,  for  example,  with  rigid  attachment  in 
tbe  ceded  captures  of  the  elongated  speci men/ssmple,  cyclically 
heated  by  transmission  ccrrent1,  the  conditio®  E - during  cyclic 
variation  in  the  temperature  simultaneously  of  entire  fastening 
joint. 


FOOTNOTE  1 . Such  conditions  are  also  uuring  cyclic  variation  in  the 
temperature  cf  speciaen/£ai|le  in  compensating  type  machines  for  the 
relaxation  tests  at  elergation,  in  waicn  the  extensometer  is 
connected  with  the  working  length  cf  specimen/sample.  ENDFOOTNOTE. 

In  practice,  as  a rule,  were  (ossicle  the  conditions  of  the 
undercompensation  for  tie  thermal  expansion  cf  the  leaded 
cell/elements,  especially  dcring  rapid  caances  in  the  temperature 
when  in  system  inevitably  appear  tie  gradients  cf  temperatures. 

Conditions  of  the  type  A are  desenoed  ty  the  equation  of  the 
relaxation 

ey  + -f  e„  = A — Ma,  (158) 

where  A - the  constant,  which  depends  on  the  leading  conditions, 

A/=<—  tcp;  t - temperature  at  the  given  instart,  ten-  Jsxi^ltsliL. . a - a 

2 

coefficient  of  linear  expansion  in  tne  range  cf  temperatures  t — fCp- 


Equation  (158)  is  the  equation  or  relaxaticn  with  the  changing 
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in  tine  rigidity  of  loading. 

Conditions  of  the  type  B are  described  ty  the  equation  of  coanon 
type  relaxation: 

ey  + «nji  + en  = «0  = const.  (159) 

Eage  164. 

Stress  relaxation  at  variable  temperature  is  connected  with  the 
special  feature/peculiaiities  cf  creep  under  the  conditions  indicated 
and  dependence  on  the  teiperature  cf  tne  occults  of  elasticity.  The 
latter  can  be  brought  tc  the  effect  of  the  changing  in  tine  rigidity 
cf  loading. 

difficulties  are  encountered  during  the  study  of 
at  the  cyclic  te a peratures,  brinqing  about  a change 
state  cf  naterial.  In  connection  with  this 
us  exaiine  only  sucn  test  conditions,  daring  which 
structurally  stable. 


1 


Consi derable 
stress  relaxation 
in  the  structural 
subsequently,  let 
the  materials  are 
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Fig.  57.  Curves  of  the  relaxation  cf  AHrtCO  iren  and  steel  Kh18Yu10T 
at  different  temperatures,  °C,  and  initial  stress  M N/a2  (kg/mm2) 

a - 100(10);  *»*  - 30(3);  C«-  200(30)  :dk-  100(10);  / - 400—150”  C: 

^—  400— const;  J — 450-const:  4—  575 — 625;  5 --  57o-const; 

6 — 625-  const 

/ey:  (,).  /IK/m*  . ) k^/oirh*.  U).  h . 


/cJ^e  /£ 

Known  United  number  of  experiaeutal  works  on  the  study  of 


stress  relaxation  at  cyclically  changing  temperatures  [114-116].  The 
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loading  conditions  in  tiese  tests  ace  related  tc  conditions  of  the 
type  B (experience/tested  the  rings  of  egual  strength  bending). 
Iemperature  cyclically  chanced  on  ^25°  f116,  11*1];  therefore  changes 
in  the  modulus  of  elasticity  could  be  disregarded. 

In  work  [116]  at  tie  cyclically  changing  temperature 
experience/tested  speciien/sanples  is  or  steel  cf  Rh  18110*  (t„=  1 h) 

and  the  ABHCO  iron  (t0— • 2.5  h)  . The  intervai  of  the  variation  in  the 

temperature  was  50  deg  cn  average  levels  60C  ard  425°C  respectively 
for  steel  cf  Kh18NlOT  acd  AEMCO  iren.  For  a comparison  were  carried 
cut  also  the  tests  at  tie  upper  and  lower  tempeiatures  of  cycle. 
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'{able  14.  Results  cf  relaiatiou  tests  at  tie  cyclically  changing 
teaperatur e. 


MmpiM  i 

0„.  Mm/** 

A<J  npa 

*min 

W 

fnu 

ApMKo-w&neao 
(npH  600"  C) 

100  (10) 

69  (6,9) 

73,4  (7,34) 

81,8  (8,18) 

70,3  (7,03) 

76,4  (7,64) 

85,5  (8,55) 

(41 

70  (7) 

46.1  (4,61) 

52,4  (5,24) 

48,1  (4,81) 

47,3(4.73) 

53,4  (5,34) 

51,6  (5,16) 

30  (3) 

19.4(1,94) 

21  (2,10) 

22  (2,20) 

19.4(1,94) 

21,4  (2,14) 

23,7  (2,37) 

X18H10T 
(n^x-  425°  C) 

200  (20) 

150  (15) 

71,7(7,17) 

88,6  (8,86) 

75,9  (7,59) 

78,7(7,87) 
36,1  (3,61) 

101,6(10,16) 
62,9  (6,29) 

99,9  (9,99) 
45,5  (4,55) 

42.1  (4,21) 

69,8  (6,98) 

62,1  (6,21) 

100  (10) 

19  (1,90) 

38,1  (3,81) 

21.9  (2,19) 

22.4  (2,24) 

45  (4.5) 

34,4  (3,44) 

Dote.  In  nuaerator  is  shewn  a drop  in  tue  vcltage  A«rl00#  tiiN/a2 
(kg/aa2).  in  denoainator  A«l000. 


Key:  (1).  flaterial.  (2).  HN/a2  (kg/aa2).  (3).  with.  (4).  k RMCO  iron 
(at  600°C)  . 
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Basic  test  results,  given  in  Tanle  14  and  to  Fig.  57.  show 
following:  the  relaxation  resistance  ot  AHHCC  iron  at  the  cyclically 
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changing  temperature  is  less  than  at  constant  temperature,  equal  to 
the  maximum  temperature  cf  cycle.  For  steel  of  E h 1 8 N 9T , the  rate  of 
the  decrease  of  the  remaining  stress  at  variable  temperature  somewhat 
exceeds  the  rate  of  reduction  aT  when  /max.  however,  for  the  time  of 
1000  h residual  stress  then  Uj  every  tain  g still  exceeds  o,  when 
/max  = const. 


Thus,  the  experiments  conducted  show  that  jf  at  constant 
temperatures  the  voltage  drep  in  essence  occurs  during  the  first 
stage  and  then  it  increases  ccmpar atively  slowly,  then  at  the 
cyclically  changing  temperatures  intense  decrease  oT  occurs  at  the 
first  and  second  stages.  Hithout  offering  explanation  of  to  the 
occurring  phenomena,  the  authors  [ 1 1t>  J assuie  that  the  decrease  of 
relaxation  resistance  at  the  second  stage  cf  tests  at  variable 
temperatures  is  caused  by  a decrease  in  the  strength  of  grains. 

£.  K.  Gordeev  [114]  carried  out  experiments  in  the 
specimen/samples,  manufactured  from  steels  40  and  06.  The  temperature 
cf  tests  was  varied  wittin  limits  cf  40u-4  5C°C.  The  oscillations  of 
temperature  during  tests  did  not  exoeed  50  deg. 

The  obtained  experimental  test  uata  for  relaxation  at  the 
temperatures,  which  cyclically  change  according  to  triangular  law, 
are  generalized  with  the  aid  of  the  formula 
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*p  = °« 


( 


(160' 


where  °p  - the  regaining  stress  at  tne  cyclically  changing 
teaperature;  p= -p12-  " characteristic  or  cycle;  «■«  - initial  stress; 

♦ max 

a‘  - regaining  stress  in  tests  when  /ma*;  a and  t - the  constants, 
deterained  for  the  arbitrarily  selected  aoaent  cf  tine  of  two 
experinents  at  the  cyclically  chancing  tern  pe  rat  vres,  carried  out  at 
different  values 
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Dependence  (160)  is  obtained  in  counecticn  with  the  fora  of 
cycle  accepted  and  geneiali2es  the  experiaertal  data,  which 
characterize  a comparatively  narrow  range  p (0. 9-1.0).  Furthermore, 
when  deriving  the  equation  (160)  it  was  assuaed  that  relaxation 
curves  at  the  cyclically  changing  temperat cres  were  sinilar,  that 
also  it  is  not  possible  tc  consider  the  as  ceneral  law  governing  the 
behavior  of  naterials  urder  conditions  of  relaxation. 

At  the  cyclically  changing  temperatures  experience/tested  the 
pearlitic  steel  of  12HK1  and  1 5Kh H [ 1 1 5 J (at  42£°C  12  h,  «50°C  20  h 
and  at  475°C  16  h)  . For  a ccnpariscn  were  carried  out  the  tests  at 
constant  temperature  of  450°C.  Initial  stresses  were  varied  within 
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the  lixits  of  100-230  (10-23  kg/aa2)  . It  *as 

establish/installed,  that  stopped  12MKh  and  15KEH  they  possess 
virtually  identical  relaxation  lif*  at  constant  teaperature  of  450°C 
and  variable  450jt25°C  (see  Table  15). 

At  variable  teaperatures  is  experience/tested  also  reinforcing 
Mire  [58]  uhose  cuts  by  tfce  length  of  200  n ted  to  the 
assigned/prescribed  initial  voltage  wxta  2CcC  and  experience/tested 
tor  relaxation  for  2-4  l,  after  whjcn  was  switched  on  the  furnace  and 
Mas  heated  to  100,  175  cr  2C0°C  for  4 h.  At  the  teaperatures 
indicated  the  speciaen/saaples  age/beld  10  t , after  uhich  teaperature 
for  4 h they  reduced  to  20  deg. 
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{table  15.  Results  of  relaxation  tests  or  pearlitic  steel  at  constant 
and  variable  temperatures  [115]. 


we-  | 


Of  , Mm/m*  {kT/mj i>),  m Bp«m,  «.  tips  (3 


ntptanuiol  TtMiwpcry 


500  ■ 1250 


X 160(16)  116(11.6)  113  111 

(11.3)  (1U)|  (11,5)  |(10.4)  |(10.3) 

200  (20)  127(12,7)  123  122 

(12.3)  (12,2)|  (13,3)  |(12,2)|(12,2) 


112  108 

(11,2)  (10,8) 

135  130 

(13,5)  (13,0) 


Key:  (1).  Material.  (2).  HH/m2  (kg/mm2).  (3).  MN/m2  (kg/mm2),  for 
time,  h,  with.  (4).  To  constant  temperature.  (5).  to  variable 
temperature. 
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Test  results  are  given  in  Table  16.  Estafcl  ished/installed  sharp 
reduction  in  the  remaining  stress  at  variable  temperatures  in 
comparison  with  those  tested  at  constant  t eiperatures.  However,  any 
explanation  of  this  behavior  by  the  author  [58]  he  is  not  proposed. 


Separate  experiments  carried  cut  with  the  alloys  of  brands 
KhN80T  BYuA  (EI607A)  and  KhN70VMYuT  (£l7t>5)  c«  nickel  basis  at 
temperature  cycle  of  70C°C,  7 h + 750°C#  1,  h.  For  the  alloy  of 
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EI607A  *o=200M*/«*  (20  kg/««2)  £cr  loOO  h it  relaxed  to  100  aN/a2 
(10  kg/am2)  when  tmin  and  nhen  In  the  alley  cf  KhN70THYuT  at  the 

cyclically  changing  teaperature  a*  it  proved  tc  be  considerably  less 
than  when 

Thus,  that  is  the  sufficiently  Ii.ni.ted  experimental  material 
does  not  make  it  possible  tc  make  single-? alue d conclusions  about  the 
effect  of  cyclic  variations  in  the  temperature  for  resistance  of 


relaxation 
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"^able  16.  Results  of  the  tests  of  reinforcing  wire  for  relaxation  at 
constant  and  variable  teipeiatures  [5b  ]. 


<J„.  Mm/*' 
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T«Mnep»ryp«.*C 

(5) 

| noicpa  unpaxana  M 23  «(i)T 

CT“^1 

i 

20Xr2U 

500(50) 

'■  [ 

, 

20 

100 

20—100—20 

175 

20 — 175 — 20  __ 

fe? 

25  (2,5*) 
46,5—48,8 
(4,65-4,8 8) 
73,4—9! 
(7,34-9,1) 
100  (10) 
113-142,5 
(11,3-14,25) 

5,0* 

9,3-9,75 

14,7-18,2 

20 

22,6-28,4 

80C 

600(60) 

20 

100 

20—100—20 

175 

20-175-20 

5,5  (0,55)* 
31,7-32,2 
(3,17-3,22) 
119,3(11,93) 
42—48,5 
(4.2-4.85) 
162  (16,2) 

1,1* 

5,28-5,37 

19,9 

7,0-8, 1 

27,0 

Mote:  after  100  h. 

Key:  (1).  Steel.  (2).  nH/n*  (fcg/mm*).  (3).  Teiperature.  (4 ) . Loss  of 
stress  after  22  h.  (5).  frc«. 


Eage  169. 


For  analytical  determining  of  the  cna racteristics  of  the  process 
of  stress  relaxation  at  the  changing  temperature,  it  is  expedient  to 
utilize  the  sane  nethods  which  apply  for  description  and  forecast  of 
creep  strength  at  variable  temperatures.  In  general  form  the  creep 
rate  can  be  presented  as  the  function  or  the  stress  of  time  and 
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teaperatur  e: 

e„  = en(o,  t,T). 

Let  us  examine  at  first  the  aethods  of  calculation  of  stress 
relaxation  at  variable  temperatures  on  tae  lasis  of  the  conditions  of 
the  ccnstart  velocities  cf  creep  with  tne  appropriate  temperature 
step/stages  of  the  cycle  (see  section  2,  Chapter  II),  i.  e- , when 

8n==8n(ff.  0* 


Stress  relaxation  ender  conditions  en  = ea(o,t).  Widest  use  for 
describing  creep  at  variatle  temperatures  received  the  hypothesis  of 
the  additivity  of  straits  [117],  that  is  a special  case  of  the 
hypothesis  of  transformed  time  [27,  118j. 

The  essence  of  the  hypothesis  or  tne  additivity  of  strains  lies 
in  the  fact  that  creep  strain,  accrmulated  in  cycle,  is  equal  to  the 
sub  of  the  strains,  accrnulated  with  the  different  temperature 
step/stages  of  cycle  and  calculated  rrou  data  at  constant 
teaperatures.  Thus,  creep  strain  en  is  deteraired  by  creep  rates  at 
constant  temperatures  and  by  fern  cf  the  cycle: 


The  experimental  confirmation  or  tuis  hypothesis  was  obtained  in 
a whole  series  of  the  ir ves tigatic ^s  of  creep  at  the  cyclically 
changing  teaperatures  [117,  119,  s.  117;  12C], 


' ^ - ~ - 
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However,  in  series  c£  experiments  [121-126]  was  observed 
acceleration  or  retardi rg/deceleration/ael a y cf  creep  at  variable 
temperatures  in  compariscn  with  the  values,  predicted  by  the 
hypothesis  of  the  additivity  of  strains.  Fcr  explaining  these 
differences,  was  advanced  tie  hypothesis  of  temperature  aftereffect, 
which  consists  in  following:  any  real  solid  is  hereditary  according 
to  temperature,  i.  e.,  it  possesses  peculiar  memcry  system  in  the 
ratio/relation  to  temperature  prehistory. 

Page  170. 

This,  in  particular,  meens  that  with  any,  fcr  example  intermittent, 
change  in  the  temperature  tie  creep  rate,  which  corresponds  to  new 
temperature,  is  establisb/installe d not  immediately,  but  during 
certain  interval  of  the  time,  necessary  for  "memory  system"  about 
previous  temperature  would  he  beinc  completely  removed. 

The  physical  nature  cf  temperature  aftereffect  consists  in 
following. 

In  the  process  of  creep,  is  fermed  the  structural  state,  which 
depends  on  a number  of  factors,  including  frem  temperature.  At  the 
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same  tine  creep  rate  de{ends  on  structural  state.  Since  at  each 
temperature  new  stable  at  this  temperature  state  is 

establish/installed  gradually  in  tine,  aud  creep  rate,  characteristic 
fcr  new  temperature,  it  Hill  be  acquired  net  inediately,  that  also 
indicates  aftereffect.  The  use  of  a hypothesis  cf  temperature 
aftereffect  can  be  advisable  for  naterrais  structural  unstable  in  the 
raqge  of  a change  in  the  temperature. 

For  structurally  stable  materials  tne  effects  of  the 
acceleration  of  creep  during  heatirg  ana  tie 

retarding/deceleration/delays  cf  creep  curing  ceding  in  comparison 
Hith  predicted  equation  cf  state  can  to  a considerable  degree  be 
compensated  for  [27].  Fcr  testing  cf  the  validity  of  this  assumption, 
mere  carried  out  creep  tests  of  several  nickel  lase  alloys  at  the 
temperatures,  cyclically  changing  vith  nigh  frequency  (3  cycles  per 
minute)  according  to  satf-tccth  law  [127]. 

The  comparison  of  the  values  cf  the  rate  of  steady-state  creep 
conducted  at  constant  ar.d  variable  temperatures  showed  that  the  use 
cf  a hypothesis  of  the  additivity  cf  derormaticr  makes  it  possible  to 
sufficiently  correctly  describe  obtained  test  results.  Consequently, 
the  processes  of  creep  during  feegueut  caanges  in  the  temperature  can 
te  described  without  the  enlistment  of  tne  hypothesis  of  temperature 


aftereffect 
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Subsequently  will  be  examined  the  processes  of  stress  relaxation 
at  the  variable  temperatures  in  structurally  stable  taterials. 
Therefore  during  the  development  of  calculated  methods,  the 
hypothesis  of  temperature  aftereffect  oe  utilized  will  not  be. 

Eage  171. 

In  the  process  of  relaxation  at  the  cyclically  changing 
temperatures,  one  should  distinguish  two  ccrditions:  1)  the  voltage 
drop  for  the  time,  to  tie  ccrrespc odxag  period  cf  cycle,  is 
comparatively  small  (shcrt  period  cf  cycle);  2)  a change  in  the 
temperature  during  relaxaticn  test  occurs  ccmparatively  slowly. 

Depending  on  test  conditions  indicated  it  is  expedient  to  apply 
different  approaches  when  selecting  or  design  diagram.  In  the  first 
case  is  expedient  to  utilize  a concept  of  equivalent  creep  rate: 

8n.»  — F {t  (x),  e„  [cr,  t (t)]  },  (162) 

that  mating  it  possible  tc  determire  the  course  averaged  of 
relaxation  curve. 

As  an  example  let  cs  examine  stress  relaxation  at  the 
temperatures,  which  are  charged  accocdxuj  tc  t.iangular  law  (t=tt  + or. 
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t=t 2-j3r)  # where  tt  and  t2  - minimum  and  maximum  temperatures  of 
cycle;  a and  p - rate  of  heating  and  cooling.  After  accepting 
temperature  dependence  fcr  the  steady  creep  rate  in  the  form 
e„  = Ae~B/T  (163) 

and  expression  for  equivalent  creep  rate  on  the  basis  of  the 
hypothesis  of  the  addition  cf  the  strains 


f ®n  * 

«n»=6— — , (164) 


we  will  obtain  [29] 


AB 

7,-r, 


— 


T «gni  — ^l*ni 


Tt-Tx 


(-*)}]• 


(165) 


where  £,•  (—  x)  - exponential  integral;  eni,  en*  - creep  rate  at  the 
liqimum  and  maximum  temperatures  of  cycle  respectively. 


After  accepting  the  dependence 


e„  = AieB'T, 


(166) 


we  will  obtain  for  en,3  the  considerably  simpler  expression 


8n,»  = 


. 8".  8n, 

Si  (T,  - T,) 


(167) 


Eage  172. 


The  experimental  deck  of  the  possrbi  1 ity  cf  calculation  en,3 
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conducted  at  variable  teaperature  vita  the  gid  cf  formula  (167) 
showed  that  the  accurac j/precision  or  such  calculated  evaluations  is 
sufficiently  high  [128]. 


Knowing  the  law  of  a change  ir  the  creep  rates  e„  and  e.  fros 

1 "2 

stress,  possible,  deciding  the  differential  equation 

£ = (168) 

to  find  dependence  for  stress  rela ration  at  the  teaperature,  which 
cyclically  changes  with  a ccnparatively  aigfc  rate  according  to 
triangular  law. 


The  value  of  the  equivalent  mcdule/nodulus  of  elasticity  e3  can 
ke  accepted  equal  to  value  cf  E whei)  tcp  of  cycle  or  refined  fron  the 
dependence 

k 1 

(169) 


where  n (T)  - an  exponent  of  expression  en=Mom  (slope/inclination  of 
the  curves  of  creep  strength  in  locarrtnaic  coordinates)  , depending 
cn  teaperature. 

In  the  first  approximation,  cen  oe  accepted  dependence  of  n on 
the  teaperature  in  the  fora  cf  expression  (32): 


■nffMi'iii  rnr~~  *'  I m 
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n = TF  + C'  (170) 

whare  Yo  - an  activaticn  volume;  E - yas  constant;  T - temperature. 

Disregarding  value  eR|  in  comparison  with  e„t  in  expression 
(167) , let  us  integrate  egaaticn  (168)  with  the  use  of  expressions 
(51a)  and  (51b).  We  will  obtain  respectively 

(171) 


(172) 

Eage  173. 

In  the  case  of  comparatively  slow  cnances  in  the  temperature 
during  relaxation  tests  relaxaticn  curve  car  be  designed 
consecutively  for  sections  nitn  the  these  differing  little  within 
sections  values  of  temperature. 


Since  the  values  of  the  creep  rate  of  laterial  are  known  only 
with  the  limited  quantity  of  temperatures,  it  is  necessary  for  such 
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calculations  to  utilize  parametric  dependences. 


The  parameter,  proposed  by  V.  I.  Nixitin  [130]  on  the  basis  of 
two  well  matching  with  experiment  dependences:  cf  exponential  for  the 
rate  steady-state  creep  cn  stress  apu  exponential  - from  temperature. 


takes  the  form 


PM-c  + dUe- 


~f+b 


The  linear  dependence  I («)  on  tue  logarithm  of  stress  was 
experimentally  demonstrated  for  the  alloy  cf  Kh  N75VHFYU  [130].  Has 
also  checked  the  method  cf  Kikitin  in  connection  with  data  on  creep, 
obtained  for  alloys  KhNECTBYuA,  KhN7uVtliuT  to  KhN70VHFTYu  in  the 
range  of  temperatures  of  60C-850°C.  It  is  estat  1 ish/instal  led,  that 
the  linear  dependence  between  logen  and  1/1  describes  sufficiently 
well  experimental  data,  with  exception  of  cata  with  €00°C  for  an 
alloy  to  K hN70VMFTYu.  Hence,  arter  fiuding  from  the  limited  number  of 
experiments  to  creep  of  constant  a,  d,  c,  d eguation  (173).,  it  is 
possible  tc  calculate  relaxation  ccrve  at  variable  temperatures  for 
the  arbitrary  law  of  a change  in  the  temperature. 


The  numerical  integration  of  the  equation 
~7Z  ~ ^/(t)  ®n  (T)»  °1  • (174) 
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where  8„  is  accepted  it  accordance  with  egression  (173),  and  the 
value  of  the  modulus  of  elasticity  - depending  cn  temperature,  under 
initial  conditions  r= 0,  •=*„,  it  Bakes  it  possible  tc  find  value 
for  any  moment  of  time  r. 

Stress  relaxation  cnder  conditions  en=en(o,  t,  i) . 

Page  174. 

For  describing  the  processes  cf  creep  (relaxation)  at  the 
variable  temperatures  in  general  fcra  it  is  necessary  to  apply  the 
ether  one  cr  hypothesis  of  creep  (it  is  analogcms  with  that  how 
different  theories  of  creep  were  utilized  fer  describing  the 
processes  of  creep  for  the  varying  stresses  in  Chapter  II)  . 

The  application/use  cf  a hypothesis  of  aging  for  describing  the 
processes  of  creep  at  variable  temperatures  is  illustrated  by  the 
schematic,  presented  in  fig,  58br  from  waich  it  is  clear  that  an 
abrupt  change  in  the  teiperature  is  accoaparied  in  accordance  with 
this  hypothesis  by  an  abrupt  change  in  accumulated  creep  strain.  The 
groundlessness  of  this  hypothesis  for  tne  conditions  of  the  decreased 
teaperature  is  obvious,  since  it  leads  to  the  decrease  of  accumulated 
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creep  strain.  Relaxatioc  curves  at  variable  temperature  in  accordance 
kith  the  hypothesis  of  aging  can  be  ootainec  frcm  the  curves  of  the 
creep  of  the  material,  «hich  correspond  to  different  temperatures  and 
stresses  consecutively  for  the  different  mcients  of  time. 

After  accepting  the  validity  cf  tae  hypothesis  of  flow  for 
describing  creep  at  variable  tempe ratures,  the  curves  of  relaxation 
at  variable  temperatures  can  be  calculated  by  the  numerical 
integration  of  equation  (49)  for  the  values  cf  creep  rates, 
corresponding  to  the  specific  tor gue/momen ts  of  time  and  found  from 
the  appropriate  curves  cf  creep. 


T- 
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fig.  58.  Schematics  of  the  plotting  or  curves  cf  creep  at  the 
variable  temperatures:  a)  - according  to  the  theory  of  strengthening; 
t)  - aging;  c)  - on  the  basis  of  the  principle  cf  relative  strains. 


Page  175. 


The  application/use  of  a hypothesis  of  strengthening  for 
describing  the  processes  of  creep  at  variable  temperatures  is 
illustrated  by  the  diagram  in  Fig.  5ba,  according  to  which  the  creep 
rate  during  aq  abrupt  change  in  the  temperature  corresponds  to  the 
rate,  which  corresponds  to  the  amount  or  accumulated  previously  creep 
straiq. 

Relaxation  curves  at  the  cyclically  changing  temperature  on  the 
hypothesis  of  strengthening  are  calculated  consecutively,  cycle  after 
cycle,  introducing  into  the  eguaticn  of  relaxation  the  corresponding 
values  of  creep  rate. 


The  graphic  methods  cf  curved  determination  of  relaxation  at 
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variable  temperatures,  however,  arc  acceptable  cnly  during  a slow 
change  in  the  temperature  (case  2)  . 


During  rapid  cyclic  variations  an  tae  temperature  (case  1)  for 
the  calculation  of  relaxation  curves  it  is  expedient  to  utilize  the 
curves  of  creep,  approximated  by  the  appropriate  analytical 
ex  pression s. 


As  an  example  let  ts  examine  the  eguatiens  of  relaxation  for  the 
conditions  of  the  cyclically  changing  temperature  when  the  family  of 
curves  of  creep  is  assign/prescribed  by  the  formula 


tn  = A (a)  e kT  t*.  (175) 

Differentiating  eguatioc  (175)  for  true  r,  we  will  obtain 

<176> 

Let  us  accept  the  periodicity  of  a caange  in  the  temperature 

r(T)  = r(T  + iTu).  (177) 

where  tn  - a period  of  cycle;  i - number  cf  cycles,  which  changes 
frem  0 to  N„-1. 


Expression  for  the  calculation  or  stress  relaxation  according  to 
the  theory  of  aging  can  be  found  from  the  eguatica 

A (a)e-Q(0)/MT(v  ra  = ( 1 78) 


i 
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Nunerical  integration  c £ equation  (168)  under  the  conditions 
J176)  and  (177)  gives  sjstea  of  equations  fcr  the  consecutive 
calculation  of  the  regaining  stresses  c«  according  to  the  hypothesis 

cf  the  flow: 

(“  0(g('-') 

a«>  = „«-»  _ E,  aA  (o('-1))  J e *r(T)  X 

x|T+(<-l)*J-‘*.  (,?9) 

where  i is  changed  from  1 tc  N0* 

Page  176. 


Expressions  for  stress  relaxation  on  the  hypothesis  of 
strengthening  can  be  obtained  as  fellows.  Eliminating  fro.  condition 

(175)  the  time 

,,a,) 

and  substituting  it  in  expression  (17b),  we  will  obtain 


Ihe 


scluti on 


a— l r 0<a)  n/a 

«n  = atn  * [^(oy’'iT^‘j  * 


of  equatior  (181)  takes  the 


0(a) 

tSTwdx 


(18J> 
f era 
(182) 
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After  substituting  fcrxuld  (182)  iu  (168),  we  will  obtain  the 
system  of  equations  of  stress  relaxation  at  the  cyclically  changing 
temperature: 

Tu 

i.  r r <?(<»)«- 1)  ia 

o(<>  = _£$  aA  [o*'-’']  P [ J t j , (183) 

where  i is  changed  from  1 tc  N0. 

Solving  of  the  task  of  stress  relaxation  at  the  cyclically 
changing  temperatures  considerably  is  facilitated  in  the  case  when 
the  family  of  curves  of  creep  can  be  represented  in  the  form  of  the 
function  of  a 0-  parameter,  in  turn,  which  depends  on  temperature  and 
time: 

8n  = e„(9,o),  (184) 

0 = 0(r,x).  (185) 

For  the  alter natinc/variafcle  temperature  conditions  *=T (r)  the 
value  cf  a 0-parameter  can  te  found  rrom  the  expression 

0 [T  (t),  t]  = f ae-[-r  (^’ x|  dx.  (186) 

OX 

0 


K 
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After  equating  value  (9[T(r),  rj  to  value  fl  for  the  sane  value 
cf  time,  out  at  certain  constant  temperature  T3  we  will  obtain  the 
expression 

peirg.  x]  dx  = e[Tif  Tft]  t (187) 

6 

from  which  we  can  be  obtained  value  T3. 

The  use  of  a ©-parameter  for  the  calculation  of  relaxation 
curves  at  the  cyclically  changing  temperature  lies  in  the  fact  that 
into  expression  (168)  irstead  of  en,3  ate  substituted  the  expression 
for  a creep  rate  when  T3  and  the  value  of  the  modulus  of  elasticity 
also  when  T3. 

This  method  was  developed  by  mauurel  [131],  which  proposed  the 
following  expression  fcr  fl-  parameter: 

8 = « *T  , (»88) 
where  U0  - activation  energy;  a - cas  constant. 


Li J 


Key:  (1).  Form  of  cycle.  (2).  Value.  13;.  Des ig rations.  (4). 
Eectangular.  (5).  time  kith.  (6).  Sinusoidal.  (7).  for.  (8).  mean 
temperature  of  cycle.  (S).  Triangula!. 


Eage  178. 

From  expressions  (187)  and  (188)  can  be  calculated  the  values 
for  the  sinusoidal,  rectangular  and  triangular  law  of  a change  in  the 
temperature  (Table  17)  [27], 


I 


"T 
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Value  0o/R  can  be  determined  according  tc  two  curves  to  creep, 
obtained  for  two  values  c f temperature  I*  ard  l2  at  w=const. 
Feal/actua lly,  from  eguaticr  (188)  for  en=const  ««  have 

Ut  _ lnr./T,  (189) 

■ PT  l/T.-l/T,  ‘ 

However,  the  competence/validity  or  the  description  of  curves  of 
creep  at  the  unsteady  stage  with  the  aid  of  0-  parameter  from 
expression  (188)  is  not  always  correct,  which  decreases  the 
accuracy/precision  of  use  fer  the  caicuiaticns  cf  the  relaxation  of 
value  cn  when  7*  found  frem  formulas  by  Table  17. 

At  present  it  is  net  the  possible  to  estimate  the 
accuracy/precision  of  detervining  the  resistance  characteristics  of 
stress  relaxation  at  variable  temperatures  kith  the  aid  of  the 
examined  above  analytical  methods,  siuce  such  necessary  for 
evaluations  experimental  data  are  virtually  absent.  Observing  in 
works  [114]  and  [116]  the  acceleration  of  the  processes  of  stress 
relaxation  at  variable  temperatures  can  oe  explained  on  the  basis  of 
the  more  detailed  analyses  cf  the  structural  stability  of  materials 
at  the  cyclically  changing  temperatures. 

4.  Stress- rupture  strength  under  conditions  of  stress  relaxation. 

Under  conditions  of  stress  relaxation,  is  possible  the 


- '■  — • ^ 


ra 
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decomposition: 

a)  in  low-plasticity  materials  xu  uniaxial  and  especially 
•ultistressed  state. 

b)  with  repeated  constant  loads  (pull)  [15S-134]. 

c)  during  cyclic  relaxation  tests  - creep  [135], 

d)  during  an  increase  in  the  stresses  in  part  because  of  the 
structural  changes,  calling  the  decrease  of  volume  [ 136]. 

e)  during  repeated  elastic  and  elast o-plastic  alternating 
deformation  under  conditions,  which  are  accompanied  by  relaxation  of 
st  resses  [ 137  ]. 

Eage  179. 

The  conditions  of  brittle  decc mposxtic r.  during  stress  relaxation 
were  estab lish/installec  in  I.  H.  Kachanova's  work  [138]. 

Has  utilized  the  dependence  betweeu  the  ccftinuity  V and  the 
effective  stress  in  the  fcri 


(190) 
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where  & and  n - constants  with  constants  to  testing  temperature  and 
structure  of  material. 

Under  the  condition  cf  the  absence  in  the  laterial  of  damages  at 
initial  moment  x = 0,  Y=l.  During  decomposition  ^ = 0.  Integrating 
expression  (190),  we  will  obtain 

1 _\F"+1  = /4(«+  1)  fo"(x)dx.  (191) 

0 

Substituting  for  a its  value  from  eguaticn  (68),  brought  out 
according  to  theory  flow,  we  will  cktaxu  the  expression,  which 
connects  the  characteristics  of  creep  in  the  cccrse  of  time  of 
brittle  delayed  fracture  during  the  relaxation  (ty)  of  the  rigidly 
attached  s pecimen/sample  : 

V 

! = l a"  f 1 + (m  - 1)  Eo*-'  Q,  (x)l  *=*  dx.  (192) 

(n+lMo*  ) 

0 

In  view  of  the  fact  that  with  large  r the  function  Q,  - the 

—n 

linear  function  of  time,  the  integrand  uiminishs  as  t m-1  . If  nO~1* 

then  there  is  finite  tiie  cf  deccmjfositioq  tr;  otherwise  the  root 
x,  can  not  exist.  Then  presence  or  absence  cf  root  it  is  possible  to 
judge,  calculating  integral  in  the  right  side  cl  equation  (192)  at 
the  different  values  of  the  upper  limit. 
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Brittle  decomposit icn  under  ccndj.tj.ons  of  relaxation  is  possible 
in  the  case  of  a snail  cefcrmaoility  of  material  under  conditions  of 
creep.  Heal/actually,  if  naterial  kith  an  increase  in  the  tine  of 
creep  test  decreases  the  value  of  prolonged  plasticity  to  0.2-0.4o/o, 
then  during  the  decrease  of  initial  elastic  deformation  in  the 
process  of  relaxation  test  for  the  value  indicated  it  is  possible  to 
expect  the  decompositio r cf  part. 


Cage  180. 


Along  with  the  fact,  as  Mas  shewn  in  experiences  in  A.  V. 

Stanyukovich  with  the  specisen/samp les,  naving  spiral  notches,  stress 
conceqtrators  is  decreased  the  value  of  prclcnced  plasticity,  in 
consequence  of  which  in  parts  with  concentrators,  that  work  under 
conditions  of  relaxation  cf  stresses  (stud  pin,  belts,  etc.)  and 
■anufactured  from  low-plasticity  materials,  brittle  decomposition  is 
encountered  comparatively  frequently. 

Brittle  decomposition  under  ccnuitioqs  of  relaxation  of  stresses 
cf  parts  from  low-plasticity  materials  is  encountered  also  with  other 
forms  of  the  complex  stressed  state,  tor  example  with  the  bend  of 
wide  plates. 
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The  ccnditions  of  the  emergence  of  brittle  decomposition  during 
relaxation  can  be  illustrated  with  tue  aid  cf  the  graphic  method  of 
the  plotting  of  curves  cf  relaxation  according  to  the  theory  of 
aging.  For  the  materials,  which  lower  prolonged  plasticity  during  an 
increase  in  the  basis  of  tests,  curved  uafcnaticns  they  take  the 
form,  presented  in  Fig.  59.  After  conducting  upright  projection  of 
diagram,  we  see  that  with  initial  stresses  <t  and  the 
decomposition  is  possible  through  25(JO0  and  120,000  h respectively » . 

FOOTNOTE  ».  Similar  deccmpositrcn  unuer  conditions  of  relaxation  with 
single  loading  was  reveal/detected  at  odO°C  and  «o=6000  Ifo/m*  (60 
kg/mm*)  in  steel  of  4Kh  18N8G8MFB  (EI481),  heat-treated  under  the 
conditions:  the  quenchirg  with  114C°c  with  ceding  in  water, 
tempering  at  670°C,  16  h ♦ 720°C,  12  a.  At  the  moment  of 
decomposition  (for  12  h)  at  = 480  |)N/s2  (4o  kg/mm2).  ENDFOOTNOTE. 
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Fig-  59.  Curved  de format icns  of  lo*-piasticity  material  for  tine,  h 

l-O.  V — 10:  J — 10#: 

4 — 1000;  5 - 5000; 

6 — 10000;  7 — 50000; 

8 — 100000 


Key:  (1).  fracture.  Page  181. 

The  condition  of  biittle  decomposition  can  be  described  on  the 
basis  of  strength  criteria,  cn  the  basis  of  the  principle  of  the 
additivity  of  damages.  If  we  accept  as  valid  tte  relationship/ratio 

jo”*]'"  = (»3) 

0 

where  a it  is  changed  according  to  relaxation  ctrve,  then 
decomposition  possibly  when  eguivaleut  stress  a»  becomes  equal  to 
stress-rupture  strength  aaaB,  the  same  tine. 


In  more  detail  dependence  (193)  vu i be  examined  below. 
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As  examples  of  brittle  decomposition  during  relaxation  under 
conditions  of  single  lcadicc,  it  is  possible  tc  give  decomposition 
alcng  the  thread  of  stud  fins  aade  or  steel  of  2 5Kh  1 HF A (Fig.  60) 
after  12pO0  h of  operation  kith  480-50Q°C,  ilat  springs  ('state  of 
plane  stress  •l=2gz)  on  hardened  steel  tiKhll  with  420°C,  parts  made 
cf  work-hardened  steel  cf  KhlSNlOT,  etc. 
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Fig.  60 
12,000  h 
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Decomposition  <f  stud  pin  „aue  of  steel  of  25Kh2«F«  after 
Of  operation  with  4£0-500°C. 
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Fage  182. 


Table  18.  Test  results  for  f tress- rupture  strength  under  conditions 
cf  stress  relaxation. 


u 

• 

•9 

Cpejuiee 

3 

a» 

3xaii>a.iaiTHoe  Hinpmcan. 
np6uecca  0 , Mh/m‘ AkT/mj+) 

I llA 

MaTcpHan 

f/' 

>. 

H 

iQ. 

V 

H 

a„.  Mh/m‘ 
(<t  r/MM‘) 

Meatay 

noJTJira* 

MM,  H 

(H) 

*i 

§J 

CQ  £ 

no  cyMne 

OTHOCHTWlb- 

Hhi*  aoaro- 
BewocrreA , 

77' 

no  npeieiib- 
hoA  je<pop- 
MaUBB  , 

. . 

500  (50) 

24 

371 

375  (37,5) 

385  (38,5) 

24 

408 

355  (35,5) 

362  (36,2) 

24 

416 

338  (33,8) 

347  (34.7) 

* _ 

216 

1080 

278  (27,8) 

292  (29,2) 

216 

1305 

273  (27,3) 

288  (28.8) 

25X2M1$ 

(3H723) 

173] 

580 

400  (40) 

96 

% 

96 

96 

96 

96 

96 

1000 

1000 

862 

969 

1054 

1092 

1156 

1255 

1482 

2368 

2528 

267  (26,7) 
288  (28,8) 

271  (27,1) 
289  (28,9) 
260  (26) 

272  (27,2) 
272  (27.2) 
227  (22,7) 
220  (22.0) 

275  (27,5) 

293  (29,3) 
278  (27,8) 

294  (29,4) 
268  (26,8) 
280  (28,0) 
270  (27.0) 
239  (23.9) 
232  (23,2) 

20X3MB<D 

(3W415) 

[134] 

550 

350  (35) 

350  (35) 
400  (40) 
450  (45) 
450  (45) 
450  (45) 
450  (45) 
450  (45) 

1 (173)* 

2 (13)* 

4 (74)* 

1 

1 

0,1 

l 

10 

100 

200 

496 

707 

96 

12.5 

41 

120 

1066 

1145 

342  (34.2) 

337  (33.7) 
376  (37.6) 
417  (41.7) 
398  (39,8) 
352  (35.2) 
336  (33.6) 
336  (33.6) 

650 

200  (20) 

200  (20) 

11.5(56)* 
10  (7)* 

24 

168 

1157 

171  (17.1) 

126  (12.6) 

XH80TB1OA 

(3H607A) 

(135) 

650 

420  (42) 
450  (45) 
450  (45) 
450  (45) 
480  (48) 
480  (48) 
480  (48) 
480  (48) 

100 

t 

10 

100 

1 

10 

100 

500 

3149 

337 

750 

2093 

181 

640 

896 

7103 

346  (34.6) 
425  (42,5) 
370  (37) 

349  (34,9) 
455  (45.5) 
389  (38.9) 
438  (43.8) 
278  (27.8) 

* - r-r-  - 
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Kote:  In  brackets  is  shewn  a number  or  cycles. 

Key:  (1).  Material.  (2).  Teaperature.  (J)  . BN/ a 2 (kg/ma2).  (4),  mean 

tine  between  pull,  h.  (5).  lime  to  failure,  h.  (6).  Equivalent  stress 
cf  process  O'  j (kg/nm2).  (7).  on  sun  cf  relative  service 

life.  (8).  on  maxiaum  defcrnati.cn. 

fage  183. 

With  repeated  loadings  under  conaations  cf  relaxation,  can  be 
failed  comparatively  plastic  materials. 

The  results  of  separate  experiments  regarding  the  service  life 
cf  different  steels  and  alleys  under  conditicns  cf  repeated 
relaxation  are  given  in  Table  18.  As  can  be  seer,  fro*  Table  18,  an 
increase  in  the  tiae  betweer.  pull  increases  the  service  life  of 
naterial,  tut  decreases  a ncaber  of  pulls,  calling  decoaposition 
under  conditions  of  relaxation. 

The  danger  of  deco apesitien  urder  cogditiers  of  stress 
relaxation  with  repeated  pull  beccaes  real,  especially  pi  the 
presence  in  the  part  of  stress  concentrators  (deformations),  sharply 
lowering  the  deforaability  cf  material  p139j. 
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The  rntensif icatio  r cf  the  process  of  the  depletion  of  the 
resource/lifetiae  of  the  Flasticitj  of  material  during  repeated 
relaxation  can  be  observed  also  under  conditions  of  creation  with  the 
tightening  of  the  fastering  cf  the  plastic  cefcraaticns  during  which, 
as  it  was  shown  above,  is  decreased  resrstarce  cf  relaxation. 
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Page  184. 

It  is  hence  understandable,  why  one  of  the  basic  regu ireaents, 
presented  on  the  naterial  of  the  fasteners  cf  power  units,  which  work 
under  conditions  of  repeated  tightening,  is  their  high  def ornability. 

The  calculated  net  hods  of  estiaating  the  service  life  during 
relaxation  with  rapeated  pull  are  instituted  on  the  deteraination  of 
constant  stress,  called  equivalent,  that  leads  to  destruction  for  tha 
tiae,  which  corresponds  to  the  conditions  of  work  with  the  varying 
stresses:  Oajm(i)  or  the  calling  for  tiae  testing  the  foraation  of 

strain  of  creep  equal  tc  creep  strain,  accuaulated  with  varying 
stresses. 

Calculations  carry  out  on  the  basis  of  the  following  two 
hypotheses  of  stress- rapture  strength  with  alternating  loads:  the 
hypotheses  of  the  linear  addition  of  daaages  and  hypotheses  of  the 
linear  addition  of  strains. 

The  hypothesis  of  the  linear  addition  of  daaages  consists  under 
the  assuaption  of  equality  to  unity  of  the  sua  cf  the  relative 
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daaages: 


(194) 


where  i/  - operating  tiee  of  aaterial  at  stress  <*.  and  teaperature 

Tii 


and  Tpj  — tine  to  failure  when  «,  T and  ®i>  A respectively j 
tp  - tiae  to  failure  at  varying  stresses  and  teaperatures. 

Proa  deteraination  it  is  evident  that  agnations  (194)  can  be 
utilized  with  the  case  cf  constant  and  variable  of  testing 
teaperatures. 

The  hypothesis  of  the  linear  addition  of  daaages  was  checked  by 
a nuaber  of  the  authors  with  sporadically  changing  loads  [111, 
117-119,  140,  141  J,  as  a result  of  which  was  establish/installed  the 
possibility  of  its  practical  use  during  the  calculation  of  the 
service  life  of  aaterials  at  the  teaperatures,  not  calling  change  in 
the  structure  of  aaterial. 


After  accepting  the  constant  velocity  of  creep  during  entire 
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testing  (absence  of  local  strain  and  third  period),  instead  of 
expression  (199)  we  will  obtain 


J'n 


(a) 


1, 


(195) 


where  e^o)  - strain  daring  destractioa  under  conditions  of  stress 


a . 


Page  185. 

The  hypothesis  of  the  linear  addition  cf  strains  assumes  that 
the  destruction  under  conditions  of  varying  stresses  occurs  when 
accumulated  creep  strain  reaches  Uniting  value  for  this  tine  to 
failure  without  depending  on  the  way  of  the  accumulation  of  strain, 
nanely : 


= (196) 

In  connection  with  the  fact  that  the  defor nability  of  material 
depends  also  on  temperature,  the  use  of  criterion  (196)  is  possible 
only  at  the  condition  of  temperature  constancy. 

Under  conditions  when  the  deformation  life  of  material  does  not 
depend  on  time,  both  of  hypotheses  give  identical  results. 
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Utilizing  criteria  (199)  and  (198)  for  the  conditions  of 
relaxation  with  periodic  tightening,  tha  curves  of  relaxation  can  be 
considered  as  curves  of  creep  with  gradually  lowered  by  load  B these 
conditions  in  connection  with  the  known  law  of  a change  of  resisting 
the  relaxation  fro»  cycle  to  cycle  are  calculated  the  values  of  the 
equivalent  stresses  in  each  eyelet  " 


11 

3 

i 

aT 

(197) 

(198) 

a,  = — In  — \emam  di 

(199) 

C%J 


respectively  on  the  basis  of  assuaptions  against  exponential  and 
exponential  of  the  dependences  of  tine  to  the  failure: 

t,  = At*"-.  (200) 

t,  = B1e~ma.  (201) 


Page  186. 


The  equivalent  stress  of  entire  process  with  respect  can  be 
found  on  the  basis  of  values  a,  of  each  cycle  (193)  . Thus,  for 
instance,  for  the  power  law  of  the  stress- rupture  strength 
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(202) 


Furtheraore,  basal  on  the  hypothesis  of  the  linear  addition  of 
strains  and  after  considering  that  the  creep  rate  with  *=const  does 


not  depend  on  the  tiae 

«o  = Aal,  (203) 

(204) 

we  will  obtain  respect! wely  r 1 l*/* 

Vi0!’'  • 

(-1 

1-1 

For  power  dependency  e«  on  • 


(207) 


(205) 

(206) 


Disregarding  the  unsteady  stage  of  creep  and  utilizing  formulas 
(52a)  and  (53a)  , let  us  substitute  values  r and  dr  into  the 
equations,  conprised  on  the  basis  cf  the  hypothesis  of  the  linear 
addition  of  the  daaages: 


T 


4 i«r 


T 


(208) 

(209) 


zjl£ irar  v. 
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Me  will  hence  obtain  the  following  expressions  for  the 
equivalent  stress  of  the  cycle: 


°3  = 


/-  1 
n- 1 + 1 


<~l  - <^_1 


m 


k — m 

k 


Sh  2 

.K  (*-")(%-  °t) 
2 


(210) 


(211) 


The  ieteraination  cf  equivalent  stress  according  to  the 
hypothesis  of  the  linear  addition  cf  strains  is  based  on  expression 
for  an  average  craep  rate: 


e„  = 


(212) 


After  accepting  dependence  ^ on  the  stress  in  the  fora  of 
expressions  (203)  and  (204)  , we  will  obtain  respectively 


q0-  °T 

Ex 


= Ao‘%, 


qn  — 
Ex 


qT 


Be *•». 


(213) 

(214) 


After  substituting  for  r expression  (52a)  and  (53a),  let  us  find 


the  which  follow  dependence  equivalent  stresses  froa  ot 


and  the 
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slope/inclination  of  the  carves  of  creep: 

orJ  = gt|A/-1>(V«T-i) 


respectively. 


Page  188. 


a,= 


(215) 


( <Vgb)'~‘ 

= r,n{7%rr^r}  (2i6) 


For  dependence  ea=Csh(m,o)  ««  have 
sh  (m,o,) 


_ ( °«  ~ °T  ) ^ 

. th 


th  (/n,  at/2) 


(217) 


obtain 


too  low  a value  ■,«  instead  of  expression  (217)  we  will 


U,  = CTt. 


°f>—Ok  , 1 


-lg(2sh-^l’;~<,’>.Jj.  (218) 


On  tn.  b.ai,  of  th.  „.XMtio,  o£  u.  t„,lt,  of  >My 
calculations  a coot  din,  to  for.ala.  ,2,5,  ..4  ,2I7)  ...  pcoposed 
approxieat  ion  fore  ala  £73] 

"°»  ^ + 0,33  (o0  — <rt). 


(219) 
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In  work  [73]  were  compared  the  calculated  equivalent  stresses 
(see  Table  18)  with  the  stress-rupture  strength  of  the  material  of 
the  same  melting,  as  testing  for  relaxation.  Strain  during 
destruction  composed  1.6-3.)  o/o  that  it  attests  to  the  fact  that  the 
region  of  nonuniform  strain  before  destruction  is  comparatively  small 
and  the  use  the  average  creep  rate  does  not  introduce  large  error. 

According  to  test  results,  were  calculated  the  equivalent 
stresses  of  each  relaxation  cycle  and  entire  process  of  up  to  the 
destruction  (see  Table  18)  (Fig.  61). 
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Fig.  61.  Comparison  of  calculated  equivalent  stresses  with  the 
stress-rupture  strength:  a)  the  criterion  of  the  sua  of  relative 
service  life;  b)  the  criterion  of  maximum  strain;  straight  lines 
stress-rupture  strength;  point  - calculated  equivalent  stresses. 

Key:  (1).  HR/m*.  (2).  kg/am*.  (3).  Time,  h. 


Page  189. 


The  comparison  of  the  values  of  equivalent  stress,  calculated 
according  to  the  hypothesis  of  the  linear  addition  of  strain  (<*»,)  and 
the  hypothesis  of  the  linear  addition  ot  damages  (<*»,).  shows  (Fig. 

61)  that  <*»,  > <*», . hovever,  this  difference  is  comparatively  small.  It 
should  also  be  noted  that  the  torgue/momen t of  destruction  in 
experiences  of  Te.  A.  Heyn  [73],  L.  P.  Nikitina  [134],  L.  Ta. 
Lieberaann  and  R.  I.  Volkov  [135]  in  many  tests  did  not  coincide  with 
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the  torque /aoaent  of  the  application/appendix  of  aaxiaua  stress  or 
the  stress,  corresponding  to  stress-rupture  strength  for  this  tine. 
Elongation  daring  destruction  in  all  experiaents  proved  to  be  the 
close  to  elongation  daring  destruction  under  conditions  of  constant 
stress,  corresponding  to  the  sane  tiae. 

for  aulas  of  type  (215)  and  (2  16)  can  be  used  also  for 
deterainat ion  <*>  in  cyclic  relaxation  tests  - creep  [ 135].  As  an 
exaaple  Table  19  gives  the  results  ot  such  tests. 
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Table  19.  Test  rasilts  foe  cyclic  creep  - relaxation  [132], 


no»p«B-^s 


225  0,7082 

(22.5)  I 


'fc/iaKcauHH  2217  284 


0,0002 


1344  (28,4)  0,0005 


0,0005 

1,16 

0,0052 

0,0026 

0,0276 


284  1,196 

(28.4) 


Key:  (1).  Steel.  (2).  Teaperature,  ®C.  (3).  laaber  of  cycle.  (4). 
Process.  (5).  h.  (6).  H»/a«  (kg/aa*).  (7).  Eaaage.  (8).  Creep.  (9) 
Relaxation.  (10).  Destruction. 
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Table  19  shows  that  the  use  of  a hypothesis  of  the  linear 
addition  of  daaages  for  estiaating  the  service  life  under  conditions 
of  relaxation  - creep  is  justified  with  a sufficient  degree  of 
accuracy  (2  “0,7  -+-1,2).  However,  the  analysis  of  values  shows 
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that  the  preferred  depletion  of  service  life  in  these  experiments 
occurred  because  of  creep. 

The  hypothesis  of  the  addition  of  damages  we  can  be  used  also 
for  estimating  the  service  life  of  pacts,  that  work  under  conditions 
of  stress  relaxation,  which  is  accompanied  iy  volumetric  changes. 
Figure  62  gives  the  standard  diagrams  of  a change  in  the  stresses  in 
the  process  of  such  tests.  Curves  cf  type  I are  characteristic  for 
steel  Kh 12 H20T3H  with  600°C  and  initial  stresses  from  300  (30 

kg/na*)  and  it  is  above  [136];  under  thase  conditions  steel  possesses 
very  high  creep  strength,  and  the  structural  changes,  calling  volume 
change,  they  occur  sufficiently  intensely.  Curves  of  type  II  are 
observed  in  materials,  whose  volumetric  changes  at  initial  stage  are 
developed  so  intensely  that  suppress  tha  processes  of  creep,  in  the 
course  of  time,  structural  changes  attenuate  and  shape  of  the  curve 
•*f (r)  is  determined  by  the  processes  of  relaxation.  This  behavior 
was  reveal /detected  in  steels  Kh15N35VTru  (II787)  with  600°C  and 
initial  stress  250  Eh/a*  (25  kg/aa*)  and  4Kh12H8G8HFB  with  500°C  and 
initial  stresses  200-360  Mti'a*  (20-  36  kg/aa2).  Ere  encountered  in  the 
practice  of  relaxation  tests  also  curves  of  type  III. 
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Fig.  62.  Possible  the  curves  of  relaxation  (I-III)  during  the 
decrease  of  the  specific  volume  of  aetal  depending  on  its 
deforaability. 
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Thus,  for  instance,  this  behavior  under  conditions  of  the  rigid 
attachaent  of  the  length  of  speciaen/saaple  was  reveal/detected 
because  of  precipitation  of  the  finely  dispersed  phase  Ni,Ti  in  steel 
15W35VT  with  600°C  and  #4=250  Mftf/a*  (25  kg/aa*) . 

In  work  [136]  are  described  the  cases  of  the  decoaposition  of 
aetals  under  conditions  of  relaxation  with  single  loading  under 
conditions  of  the  developing  structural  changes. 


Sped aen/saaples  made  of  steel  Khl2N2013R,  heat-treated  under 
the  standard  conditions,  which  consists  of  tempering  froa  1170°C,  2 


A 
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h,  and  agin?  at  75  0°C,  16  h,  loaded  to  different  initial  stresses: 

300,  400  and  450  Iflflf/n*  (30,  40  and  45  kg/mm2)  and  were  tested  at 
600°C. 

In  the  process  of  tests,  steel  was  embrittled,  as  a result  of 
which  spec iaen/saa pies  failed  themselves  for  different  tine  depending 
on  value  (Pig.  63)  . 

To  decomposition  under  conditions  of  the  repeated  cycles  of 
stress  relaxation,  can  be  attributed  decom position  with  low-f requency 
low-cycle  fatigue  at  the  high  temperatures  under  conditions  of  rigid 
loading  (assigned/prescribed  amplitude  of  strain)  with  the  amplitudes 
of  strain,  which  correspond  to  the  stresses,  the  limit  inferior  of 
elasticity . 

Under  these  conditions  in  each  cycle,  cccurs  stress  relaxation, 
which  decreases  the  value  of  calculated  elastic  stress,  as  a result 
of  which  cycle  on  the  stress  in  such  tests  differs  from  sinusoidal. 
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Tig.  63.  Corves  of  relaxation  of  stresses  and  stress-rapture 
strength:  of  light  snail  circles  - stress- rupture  strength:  dark  - 
unrelaxed  stresses. 

Key:  (1).  Bl/a*.  (2).  kg/aa*.  (3).  Tine,  h. 


Page  192. 

However,  this  difference  can  be  the  essential  only  at  the  very  high 
teaperatures  also  of  such  periods  cf  cycle  during  which  the  creep  of 
the  saterial  leads  to  ncticcable  stress  relaxation. 

On  the  basis  of  the  deforaation  treatacnts  of  the  process  of 
fatigue  failure  [119,  137]  and  of  selection  of  the  corresponding 
deforaation  criteria  of  deccaposit ion  under  conditions  of  low-cycle 
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fatigue,  the  decoa posit  ion  at  the  high  teaperatures  under  the 
conditions  (in  frequency  and  aaplitude  of  strain)  indicated  is  proved 
to  be  connected  with  the  plastic  deforaatioE,  accuaulated  because  of 
stress  relaxation  during  cycle. 


Is  proposed  the  following  foraulation  of  the  criterion  of 
decoaposit ion  under  conditions  of  the  low-frequency  cyclic  tests: 

EtAs-y-C.  (220) 

where  Ae„,  - range  of  a change  in  creep  strain  in  cyclej 
N - nuaber  of  cycles  before  decomposition. 

K and  C - constant. 


1 change  in  value  AeD(  is  deterninel  by  the  character  of  the 
cyclic  instability  of  alloy  under  conditions  of  creep  at  testing 
teaperature. 

For  cyclically  stable  aaterials  in  tests  from  the 
assign/prescribed  by  aaplitnde  detonation,  which  changes  according 
to  rectangular  law,  value 

a a at  &a 

deB/  — Atm  — e, - — 

can  be  calculated  by  the  theory  of  flow. 


(221) 
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la  connection  with  tests  with  the  short  period  of  cycle,  value 
of  A*  is  low  and  strain  Ae0<  can  bs  calculated  when  a(t)  =eo(t)£. 


In  this  chapter  is  exaained  the  effect  of  the  alloying 
cell/eleae nts  on  the  relaxation  resistance  of  basic  industrial 
alloys.  Their  nuaber  includes  steels  of  pearlitic,  f errite-aartensite 
and  austenitic  classes;  alloys  on  ferrous  nichrone  and 
nickel-chroaiua  bases;  nonferrous  tetals  their  their  alloys; 
refractory  netals  and  alloys. 

The  best  aethod  of  the  developaent /detect  ion  of  the  character  of 
the  effect  of  the  separate  alloying  cell/e leaents  on  the  properties 
of  the  alloys  of  the  studied  systea  Mould  be  the  establishaent  of  the 
dependences  between  the  content  of  this  cell/eleaent  in  alloy  and 
relaxation  resistance  in  the  specific  paraaeters  (#,  t,  r)  . The 
graphic  representation  cf  such  dependences  is  a special  case  of 
curves  of  coaposit ion-property,  introduced  into  the  procedure  of  the 
■etallogra  phic  study  by  head.  H.  S.  Kurnakov. 
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Unfortunately , the  available  experimental  data  insufficient  in 
order  to  establish/install  the  dependences  cf  relaxation  resistance 
on  the  content  of  the  alloying  cell/eleaent  for  the  aajority  of 
industrial  alloys.  Thus  far  is  only  eaitted  the  effect  of  the 
alloying  of  pearlitic,  ferro-aartensitic,  and  austenitic  steels,  and 
also  partially  alloys  on  basis  Pe-Hi-Cr  and  Fe-Cr.  Therefore  the 
data,  which  concern  enumerated  steels  and  alloys,  to  aore  easily 
systeaatize  and  they  are  set  forth  aore  fully.  In  the  ratio/relation 
to  the  alloys  of  nonferrous  aetals  in  the  aajority  of  the  cases  it  is 
necessary  to  be  satisfied  with  fragmented  information  which  does  not 
sake  it  possible  to  obtain  a f ull/totai/co aplet e picture  of  the 
dependence  of  their  relaxation  life  on  alloying. 

One  should  note  following. 

The  character  of  the  effect  of  the  alloying  cell/eleaent  on  the 
relaxation  resistance  of  alloy  can  be  different  depending  on  initial 
heat  treataent.  The  effect  of  the  studied  cell/eleaents  is  exanined, 
as  far  as  possible,  after  the  optiaua  for  alloys  of  this  type  of  heat 
treataent,  processing,  which  ensures  highest  relaxation  life,  taking 
into  account  other  official  characteristics. 

2.  Character  of  effect  of  alloying  cell/eleaent  on  relaxation 
resistance  of  alloy  can  be  dissiailar  at  different  teaperatures.  In 
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connection  with  this  does  arise  the  question,  at  what  teeperatares 
one  should  carry  out  the  coaparison  of  axperiaental  data? 

Page  194. 

Scarcely  whether  it  would  be  expedient  to  study  the  effect  of  the 
alloying,  for  exaaple,  cf  pearlitic  steal  with  7 5 0-  8 00®c,  if  it  is 
known  that  this  tenperature  knowingly  exceeds  the  teaperatures  of 
relaxation  softening  and  practical  application/use  of  these  steels. 
And,  on  the  contrary,  the  dependences  of  the  alloying  of  high-nelting 
alloys,  establish/installed  at  500-600°C,  would  not  represent 
essential  interest.  Proa  these  considerations  we  exanine  the 
influence  of  alloying  or  relaxation  resistance  predoainantly  at  the 
teaperatures  of  the  possible  practical  application/use  of  alloys  of 
this  type.  Usually  these  teaperatures  are  related  to  aean  tenperature 
region  (0.  25-0.501  Tna  (see  Chapter  IV,  p.  4). 

3.  Character  of  influence  of  alloying  cell/eleaent  in  alloy  can 
be  various  under  conditions  of  short-tern  and  prolonged  stress 
relaxation.  The  available  in  the  literature  data  are  related  to  the 
aost  diverse  intervals  cf  tiae  - froa  tne  pcrticn/f ractions  of  hour 
to  several  thousand  hours.  In  essence  we  will  be  oriented  toward  the 
sufficiently  prolonged  periods,  which  ensure  the  onset  of  the  steady 
relaxation  tine.  In  other  all  cases  the  duraticn  of  tests  is 
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Subsequently  will  be  examined  only  the  basic  laws  governing  the 
alloying  of  the  alloys  cf  different  types  in  connection  with  their 
resistance  of  stress  relaxation.  The  nuaerical  characteristics  of  the 
relaxation  resistance  of  typical  steels  and  alloys  are  given  only  for 
the  illustration  of  the  set-forth  laws  governing  alloying. 

1.  Steels  of  pearlitic  class. 


343 


The  relaxation  resistance  of  steels  of  pearlitic  class  can  be 
caused: 

1)  by  strength  and  thereal  stability  of  solid  solution 
(ferrite),  determined  by  its  alloying^ 

2)  by  the  chenical  composition,  by  the  type,  by  dispersity  and 
thermal  stability  of  carbide  phases^ 

3)  by  interaction  cf  secondary  phases  and  solid  solution, 
especially  at  elevated  temperatures. 


Diffarent  researchers  give  preference  either  to  the  first  or  to 
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the  second*  or  third  factors.  In  this  case*  in  recent  10-15  years* 
was  observed  the  specific  evolution  of  views  on  this  guest  ion.  If 
earlier  prevailing  value  they  assigned  to  state  and  alloyed  state  of 
solid  solution  (farrite)*  then  recently  the  preceding  role  is 
abstractA  eaoved  to  the  strengthened/hardened  phases. 

Page  195. 


In  our  opinion*  for  the  relaxation  resistance  of  pearlitic  steel 
can  bp  heavy-duty/critical  all  three  structure  factors,  eoreover  the 
latter  of  thee*  logically*  is  the  consequence  of  first  two.  The 
relative  value  of  each  cf  these  factors  is  deterained  by  the  aabient 
conditions*  under  which  proceeds  the  process  of  the  relaxation:  by 
teaperature*  stress  in  by  tine.  Hence  it  fellows  that  to  alloy 
relaxation  stable  steels  of  pearlitic  class  is  expedient  both  by  the 
cell/e leaents,  which  strengthen  solid  solution  and  by  the 
cell/eleaents*  which  fora  excess  (carbide)  phases. 

Befoce  passing  to  the  exaaination  of  the  laws  governing  the 
influence  of  the  alloying  cell/eleaents  on  the  relaxation  resistance 
of  pearlitic  steel*  it  is  necessary  to  stop  at  the  role  of  carbon 
which  aost  clearly  is  reveal/detectei  in  plain  carbon  steel. 


CAHBOH  STB  EL. 
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In  connection  with  wide  application  in  the  wach ine-bu ilding  of 
high  steel  {0.7-1. 2o/o  C)  for  the  springs  of  different 
designation/purpose,  that  work  at  root  and  moderately  elevated 
teaperatur  es,  and  they  also  becawe  with  sowewhat  snaller  carbon 
content  (O.U-O.60/0)  for  ether  parts,  subjected  to  stress  relaxation, 
a guestion  concerning  the  optinun  carbon  content  in  such  steels 
repeatedly  were  discussed  in  the  literature.  But  in  the  overwhelming 
■ajority  of  works  the  attention  of  the  researchers  obtained  only 
elastic  properties  (cry,  aT)  of  steel  with  different  carbon  content. 
Thus,  for  instance,  it  is  establishAnstal  led,  that  with  an  increase 
in  the  content  of  this  cell/eleaent  increases  the  effectiveness  of 
strengthening  steel  because  of  aartensite  transformation  with 
tenpering,  which  aakes  it  possible  to  obtain  high  elastic  limit 
[1*2]. 


Data  on  the  influence  of  carbon  are  directly  on  the 
characteristics  of  relaxaticn  properties  are  extremely  insufficient, 
(lost  thoroughly  this  question  is  studied  by  T.  I.  Volkova  [70,  143  ]. 
Investigation  uniarwent  steel  with  the  following  carton  content: 
0.025;  0.17;  0.4;  0.8  and  I.O0/0  C. 
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Page  196. 

B;  relaxation  tests  (circular  aethcd)  of  uniqae  duration  (to  50j000 
h),  with  the  initial  stresses,  equal  to  (0.7-0. 8)  ar,  was 
establish/installed  gradual  reduction  of  stresses  for  all 
aark/brands;  however  the  intensity  of  process  at  rooa  teaperature  is 
very  saall.  So,  after  50000  h the  initial  stress  decreased  in  all  by 
1.5-3o/o.  In  spite  of  extreaely  low  absolute  values  of  Am,  it  was 
possible  to  aotice,  that  at  20°C  the  rate  of  the  relaxation  of 
stresses  are  less,  the  wore  In  steel  of  carton.  In  this  case,  steel 
froa  0.4  and  0. 8o/o  C,  that  had  the  initial  structure  of  the 
spheroidized  pearlite,  exerts  larger  resistance  of  relaxation,  than 
the  saae  steel  with  the  structure  cf  laaellar  pearlite.  In  steel  with 
0.17o/o  C in  both  of  structural  coaponents,  relaxation  resistance  is 
virtually  identical. 

Steel  with  the  sane  gradations  of  carbcn  content  was  tested  for 
stress  relaxation  at  teaperatures  200,  300,  400  and  450°C  for  3000  h 
[143].  If  we  change  over  obtained  privacy  relaxation  curves  for 
aeltings  with  different  carbon  content  in  the  fora  of  dependences  of 
Am  - o/o  C,  then  such  curves  (Fig.  64)  will  have  extreae  character, 
aoreover  the  position  of  aaxiaua  is  different  for  different 
teaperatures  of  testing. 
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Pig.  64.  Phe  influence  cf  the  carbcn  content  in  steel  on  value  of  A« 
for  the  tine  of  1000  h (a-c)  and  of  3000  h (d-f)  at  tenperatures  300 
(a,  d),  400  (b,  a),  450°C  (c,  f)  and  «0.  Mf//  a*  (kg/na*)  : 1 - 50(5);  2 
- 100(10)  ; 3 - 150  (50)  [ 143]. 

Key:  (1).  HW/n*.  (2).  kg/aa*.  (3).  Contant  of  carbon,  o/o. 


Page  197. 

Was  hence  nade  the  conclusion/derivation  that  there  is  an  optinun  for 
each  temperature  carbon  content,  with  which  the  relaxation  resistance 
of  steel  is  greatest.  This  is  visually  evident  fron  the  following 
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data: 

/^TewnepaTypa.  °C  . 200  250  300  350  400  440 
I^OtiTHMajibHhift  %C  0,6  0,5  0,4  0,3  0,2  0,15 

Key:  (1).  Teaperature.  (2).  Optima. 

Corrected  values  depend  either  on  the  level  of  initial  stresses 
or  fron  relaxation  tiae  (within  liaits  froa  200  to  3000  h)  . 

Thus,  with  an  increase  in  operating  teaperature  the  optinui*  for 
relaxation  resistance  carbon  content  in  steel  is  gradually  decreased. 
Siailar  pattern  was  establish/installed  aany  years  ago  in  the 
ratio/relation  to  creep  strength  [ 144]. 

The  noticed  law  can  be  described  by  the  proposed  previously  one 
of  the  authors  [145]  diagraa  of  the  influence  of  the  carbon  content 
in  pearlltic  steel  on  creep  strength  in  dependence  on  teaperature.  It 
is  obvious  that  this  dependence  can  be  coaacn  also  for  relaxation 
conditions.  According  tc  diagraa  (Fig.  55)  is  allow/assuaed  the 
existence  of  teaperature  Tx,  by  which  a change  in  the  carbon  content 
in  steel  does  not  affect  resistance  to  creep  and  relaxation  of 
stresses  (is  in  fora  steady  stage  cf  both  of  processes).  At  less  high 
teaperatures  (T,-T,)  the  carbon  content  favorably  affecting  the 
properties  indicated,  with  higher  <T,-T*)  - it  is  negative. 


This  sane  diagraa  reflect/represents  the  fundanental  dependence 
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Fig.  65.  Scheaatic  dependence  carves  of  the  regaining  stress  froa  tha 
carbon  content  in  steel  at  different  teaperatures  (r,<r*<r.) 


-,r 

f> 

i 


Key:  (1).  Stress. 


Page  198. 

However,  the  location  of  teaperatare  Tx  in  Fig.  69  in  this  case  will 
be  aisaligned  into  the  region  of  higher  teaperatures. 

Thus,  it  cannot  be  spoken  about  the  optinua  carbon  content  in 
steel  irrespectively  of  operating  teaperatare.  In  different 
tenperature  zones  this  influence  can  be  different. 


■ 
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For  steels  of  pearlitic  class,  alloyed  by  the  carbide-forming 
cell/elements  (chromium,  molybdenum,  vanadium),  the  proposed  diagram 
of  the  influence  of  carbon  on  relaxation  resistance  somewhat  is 
complicated,  but  in  the  majority  of  the  cases,  it  remains  in 
principle  valid. 


In  the  examiaation  of  the  influence  of  carbon,  it  is  necessary 
to  consider  the  initial  miciostructure,  created  by  heat  treatment. 
Even  in  works  [ 145,  146  ] it  was  shown,  that  the  influence  of  carbon 
oi|  creep  of  steel  depends  on  the  form  of  the  cesentite  particles, 
which  fora  pearlite.  With  the  identical  content  in  steel  of  carbon, 
resistanca  to  small  plastic  deformations  is  above  in  steel  with  the 
structure  of  lamellar  pearlite  and  it  is  less  in  steel  with  the 
structure  of  the  spheroidized  pearlite. 


In  light  of  modern  representations  this  phenomenon  can  be 
explained  by  the  fact  tlat  the  plates  of  cementite  are  the  larger 
obstruction  for  the  displacement  of  dislocations,  the  cementite  the 
globules.  This  does  not  contradict  A.  A.  Bochvar's  statement,  which 
with  globular  structure  is  more  than  the  areas  cf  the  possible 
emergence  of  plastic  deformation,  than  with  lamellar  r 147], 

Is  analogous  the  influence  of  the  form  of  cesentite  particles 
under  conditions  of  stress  relaxation.  At  300-370®C  higher  relaxation 
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life  has  steel  with  the  structure  of  thin- plated  pearlite  whose 
coagulation  to  the  sane  occur/flow/lasts  nore  slowly  than  the  rounded 
particles  of  cement*. 

FCOTHOTE  1 . At  the  temperatures  of  the  practical  applies tion/us°  of 
carbon  steel  as  a relaxation-resistant  Material  (300-350°C)  with  the 
spheroidiz ing  of  lanellar  pearlite  generally  it  is  possible  not  to  be 
considered.  EIDPOOTNOTE. 

However,  at  temperatures  of  <J00°C,  advantage  of  lamellar  pearlite 
above  the  globular  is  considerably  weaker,  and  at  normal  temperature, 
as  was  already  noted  above,  under  conditions  of  prolonged  stress 
relaxation,  is  more  preferable  the  structure  of  the  spheroidized 
pearlite,  ensuring  higher  elastic  properties  and  relaxation 
resistance . 

Page  199. 

LOf-ALLOT  STEEL. 


For  the  creation  of  relaxation  resistance  at  elevated 
temperatures  pearl itic  steel  they  most  frequently  alloy  by 
molybdenum,  by  chromium,  vanadium;  less  frequent  - by  tungsten,  by 
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titani.ua,  niobiua. 

By  T.  Z,  Tseytlin  [148]  was  studied  influence  0.20-0. 64o/o  Ho  on 
the  relaxation  resistance  of  low-carbon  3teel  (0. 13-0. 14o/o  C)  at 
different  temperatures.  Circular  foras  fron  experisental  aeltinqs 
with  different  content  cf  aclybdenaa  subjected  to  heat  treataent  - 
standardization  with  90C°C  and  to  tempering  with  650°C  and 
experienca/tested  for  relaxation  with  450-550°C  (Pig.  66). 

It  is  possible  to  note  that  an  increase  in  the  content  of 
aolybdeaua  in  low-carbon  steel  to  C.Jo/o  affects  considerably  aore 
powerful  the  characteristics  of  relaxation  resistance,  than  the 
subsequent  increase  in  its  concentration  two  tines.  Furthermore, 
iclybdenun  aore  intensely  affects  relaxation  resistance  during  the 
first  stage  of  the  process  when  stress  relaxation  occur/flow/lasts 
with  the  decreased  rate.  The  duration  of  initial  section  is  decreased 
with  an  increase  in  molybdenum  concentration,  which  one  can  see  well 
froa  of  the  primary  curves  of  Fig.  67.  it  is  characteristic  that  at 
500°C  and  in  particular  with  550°C  an  increase  in  the  content  of 
aolybdenua  smaller  affects  the  value  of  the  coefficient  r0,  than  at 
450°C  (sea  Fig.  70).  An  increase  in  the  teaperature  to  550°C  leads 
low-carbon  steel,  alloyed  only  by  one  aolybdenua,  to  essential 
relaxation  softening. 


! 


DOC  « 78153909  P1GB  ^ 5 ^ 

In  the  majority  of  low-alloy  steel,  intended  for  fasteners,  the 
average  carbon  content  coaposes  0.2-0.33/0  C,  which  is  connected  with 
the  need  of  achiawing  the  higher  elastic  properties.  In  connection 
with  this  is  of  practical  interest  the  influence  of  the  alloying 
cell/eleaents  on  the  relaxation  properties  of  nedinn-carbon  steel.  In 
particular,  in  the  work  by  T.  I.  Volkovoy  and  V.  Z.  Tseytlin  f 70 3 was 
studied  the  influence  of  chroaiua,  aolyndenua,  vanadium  and  titanium. 
The  chenical  composition  cf  the  experiaental  Beltings,  the  carbon 
content  in  which  varied  froa  0.22  to  0.28o/o  C,  was  given  in  Table 
20. 

Page  200. 

Figure  68  shows  the  influence  3f  a change  in  the  concentration 
each  of  the  cell/eleaents  indicated  to  relative  value  drop  in  voltage 
(A«/#n«100)  for  1000  h.  It  is  possible  to  note  that  at  450°C  all  four 
ce  11/e leaa nts,  conducted  into  steel  separately,  have  noticeable 
effect  on  an  increase  in  the  relaxation  resistance.  It  500°c 
strengthened/hardened  ability  of  these  cell/eleaents  under  conditions 
of  stress  relaxation  is  considerably  weaker,  while  with  550°c,  by 
the  except  ion/e  lie ination  of  aolybdenua,  they  little  affect  the 
relaxation  resistance  of  steel  (especially  under  conditions  of 
prolonged  service)  . 


^ j-  4 
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Pig.  66.  Influence  of  the  content  of  aolybdenua  in  low-carbon  steel 
on  the  characteristics  of  the  relaxation:  • r0  and  \-r0i°o0  at 
teaperatures  450  (1),  500  (2)  and  550°C  (3)  [148]. 


Key:  (1).  HN/a*  (kg/aa*). 


Pig.  67.  Priaary  curves  of  relaxation  of  low-carbon  steel  with 
different  content  of  aolybdenua  (at  500®C)  : 1 - 0.64o/o  Ho;  2-0.3; 
3 - 0.2o/o  Ho. 


Key:  (1).  HN/a*.  (2).  kg/aa*.  (3).  Tiae,  h. 
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Fig.  68.  Influence  of  content  of  alloying  cell/elenents  in 
■ediun~carbon  steel  on  value  A«/«0  at  different  teaperatures  [70]. 

Key:  (1).  Content  of  cell/elenents,  o/o  (at.). 


Page  201. 

Rost  strongly  increases  relaxation  resistance  at  all  three 
teaperatures  aolybdenua,  then  vanadiua,  titaniun  and  less  others  - 
chroaiua.  Addition  to  carbon  steel  0. 5o/o  (at.)  Bo  is  aore 
effective  than  addition  0.9o/o  (at.)  V or  1.7o/o  (at.)  Cr. 

Siaple  calculations  show  that  lo/o  (at.)  Ho  increase  the 
relaxation  life  with  550°C  ty  37.5o/o,  vanadiua  - by  22o/o,  titaniua 
- by  16.5o/o.  The  strengthened/hardened  action  cf  tungsten  is 
considerably  weaker  than  aolybdenua,  and  niobiua  - approxiaately  the 
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saae  as  vanadiua. 

In  this  connection  it  is  appropriate  to  recall  about  the 
advantage  of  aolybdenua  before  other  alloying  cell/eleaents  in  steels 
of  pearlitic  class  also  under  conditions  of  creep  [1*9  150].  This 
exceptional  role  of  aolybdenua  is  partly  connected  with  the  fact  that 
in  coaparison  with  other  cell/eleaents  it  aost  strongly  increases  the 
teaperature  of  the  recrystallization  of  ferrous  alloys. 


.zjyf  - — — ■ 1 ■ 
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Table 

20.  The  chemical  coapcsition  and  the 

hardness  of  low-alloy 

steel. 

// )ccAepjnaM«e  % 

C 

Si 

Mr 

Gf 

Apyn* 

JJJCMettTU 

TMBJUCTk 

HB • 

0,27 

0,60 

0,73 

131 

0,28 

0,28 

0,44 

0,9 

— 

150 

0,22 

0,22 

0,54 

1,8 

— 

159 

0,27 

0,60 

0,73 

— 

— 

131 

0,30 

0.30 

0,67 



0.24Mo 

149 

0,27 

0,37 

0,73 

— 

0,9Mo 

228 

0,27 

0 60 

0.73 

— 

— 

131 

0,24 

0,30 

0,64 

— 

u,30V 

149 

0,25 

0,26 

0,73 

— 

0,53  V 

— 

0,26 

0,21 

0,65 

— 

0,84  V 

179 

0,27 

0,60 

0,73 

— 

— 

131 

0,24 

0,23 

0,66 

— 

0.27T i 

140 

0,23 

0,36 

0,76 

0,60Ti 

149 

1 

Key:  (1).  Content  of  cell/eleaents,  o/o.  (2).  Hardness  H61 . 

■ 


FOOTNOTE  ».  After  standardization  and  teapering  with  650°C. 
BNDFOOTNOTB. 

(3).  other  cell/eleaents. 


Page  202. 


So,  on  data  [15,  p.  412],  O.60/0  (at.)  No  increases  the  teaperature 


. ' -a 
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threshold  of  the  recrystallization  of  iron  froa  500  to  600°C,  but 
alaost  the  second  larger  quantity  of  chroeius  [ I.60/0  (at.)]  - only 
to  560°C.  Furthermore,  molybdenum,  impeding  diffusion  processes, 
increases  the  stability  of  solid  sclution  and  carbide  phase. 

Therefore  completely  important  to  keep  the  defined  quantity  of 
molybdenum  in  ferrite  while  the  smaller  part  of  the  ferrite 
participates  in  the  process  of  carbide-formation. 

The  positive  influence  of  molybdenum  distinctly  is  developed  in 
the  complex-alloyed  peazlitic  steel.  By  T.  1.  Volkova  and  V.  Z. 
Tseytlin  it  is  shown  [to  70],  that  the  introduction  0. 25-1.  Oo/o  Bo  to 
steel,  which  contains  from  0.8  to  2. Oo/o  C r and  to  0.4o/o  V (with 
0. 25-0.30o/o  C)  , increases  its  relaxation  life  with  450-550°C. 


Cr,  % 

Pig.  69.  Influence  of  the  content  cf  nolyb denun  in  steel  with  0.25o/o 
C,  2o/o  Cr  and  0.3-0.4o/o  V and  the  content  of  chroaian  in  steel  with 
0.25o/o  C and  0.25o/o  He  on  value  A#/#0.  Curves  1 - 100  h;  2 - 1000 
h;  3 - 200  0 h [70]. 
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Table  21.  The  chemical  composition,  o/o,  and  the  fundamental 
characteristics  of  the  mechanical  properties  of  low-alloy  steel  for 
the  fasteners  of  pover  units. 


ApyrMe 

SJieUCHTU 


25X1  JVW> 
(3H10) 


0,22  1,5 
0,29  1.8 


0,22  2,1 
0,30  2,5 


20XMBBP 

(31144) 


PcKOHeaAyeiua 
TCpHHaeCKtfl  odpSfiOTKi 


1 lopMajnuauHH 

npw  920°  C+ 

+ omycK  650°  C 

2 « 


70S 

HopMaJlH3aUHH 

npH  1040°  C+ 

+HopMaJiH3auHa 

npw  960°  C+ 
-tornycK  npii  650 — 
680°  C,  6 h 


,8  0,7  0,15Nb  k HopMa.iMiauiiH 

,1  1,0  0,05Ce  1 040°  C + 

0.005B  +OTnycK  <j00°C, 
3 «+ 

+omycK  720°  C, 

6 v 


630  1,80  120—160  80(8,0)* 

(63)  - 

80-90 


2,17  | - 


160(16)  100(10) 


1,70  140(14)  170(7,0)* 


20X  IMl'Pl  TP 
(3MI82) 


,8  0,7  0, 15Ti , 
,1  1,0  0.005B 


'/2\ 

3aK3AKa  c 980°  C 20 
b Maoie  +. 

+omycK  npH 

700°  C.  6 a ^ 


9150  2,20 

(95)  - 

650  1,78 

60)  I (65) 


770  900  2,10 

(77)  (90) 

580  600 

(58)  (60) 
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lot*.  « 0*3 00  al/a*  (30  kg/aa*) . Kay:  (1).  Steel.  (2).  Cheaical 
coaposition,  o/o.  (3).  Becoaaended  haat  fcreataent.  (4).  Short-tera 
strength.  (5).  Relaxation  resistance.  (6).  other  cell/elenents . (7). 
Teaperature,  *C.  (8).  Hl/n*  (kg/an*).  (9).  Standardization  with 

920°C*rela xation  6 50°C  2 h.  (10).  Standardization  with 
1040°C+nor aalizatio  with  960°C«-relaxation  at  650-680*C,  6 h.  (11). 
Standardization  13 40°C* relaxation  at  600®C,  3 h ♦ relaxation  at 
720°C,  6 h . (12).  Tenpering  with  980*C  in  oil  ♦ relaxation  at  700°C, 
6 h. 


FOOTNOTE  1 . Extrapolated  values.  BHDFOOIIO TE. 

Page  205. 

For  an  exanple  Pig.  69  gives  the  graphs  of  a change  in  the  relative 
stress  of  relaxation  for  steel  with  0.25o/o  C,  2o/o  Cr  and  0.3-0.4o/o 
1 in  dependence  on  the  content  of  aoiybdenna.  On  the  sane  diagraa  is 
shown  a change  in  value  of  A«:«0  fcr  steel  with  the  constant  content 
of  aolybdenun  (0. 25o/o)  and  the  altecnating/variable  (froa  0 to 
1.7o/o)  content  of  chroiiua.  ind  in  this  case  the  influence  of 
chroaiun  is  noticeably  weaker  than  aolybdenun. 


By  the  experiaental  data,  confirmed  by  practice,  it  is  shown. 
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which  for  obtaining  the  aaziaua  relaxation  life  at  tenperature  of 
500°C  or  above  pearlitic  steel  is  expedient  to  alloy  siaaltaneously 
by  two  or  three  cell/elenents.  Especially  effective  proved  to  be 
compositions  Cr-Ho,  Cr-Ko-V,  Cr-Ho-Eb,  lying  at  the  basis  of  most 
widely  known  fastening  steels  of  pearlitic  class  whose  brand  chemical 
coaposition  was  given  in  fable  21.  The  properties  of  such  steels  are 
sufficiently  fully  described  in  the  works  by  T.  I.  Volkova  [7ft,  151], 
V.  2.  Tseytlin  [92  , 148],  2,  I.  Petropavlo vskay a [106],  Data  on 
low-alloy  steel,  used  for  springs,  that  work  at  normal  and  elevated 
temperatures,  are  systematized  in  A.  G.  Bakhshtadt's  monograph  [1ft2]. 

HEDI OB -ALLOYED  STEELS. 


An  increase  in  the  concentration  of  the  alloying  ce  11 /elements 
in  steels  of  pearlitic  class  is  higher  than  the  limits,  indicated  in 
fable  21,  it  does  not  lead  to  further  improvement  in  the  relaxation 
resistance,  and  in  a series  of  cases,  even  makes  it  worse.  In 
accordance  with  this  the  content  of  molybdenum,  tungsten,  vanadium, 
niobium  and  titanium  in  real  relaxation-resistant  steels  usually  does 
not  exceed  lo/o;  the  optimum  content  of  chrcmium  composes  1.5-2.5o/o. 

For  an  increase  scale  and  cor rosion- resistance  the  content  of 
chromium  in  pearlitic  steel  frequently  is  led  to  3o/o,  but  sometimes 
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even  to  5-6o/o.  Such  medium-alloyed  steels  (known  are  earlier  by  the 
naae  of  seairefractory)  on  creep  strength,  they  are  inferior 
low-alloy,  containing  1.5-2c/o  CP;  however  the  inforaation  about 
their  relaxation  life  in  the  literature  was  not  until  recently. 

Given  to  Pig.  70a  primary  the  curves  of  the  relaxation  of  two 
complex-alloyed  steels  ct  basis  3 and  6o/o  Cr  to  known  degree 
complete  this  gap/spacing. 
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Page  206. 

An  increase  in  the  content  cf  chroaium  iron  3 tc  6o/o  (with  identical 
additional  alloying)  in  the  strongest  degree  accelerates  the  process 
of  stress  relaxation.  Tie  characteristics  c f relaxation  resistance 
with  550°C  in  steel  of  Fh5H VFB  are  2.5-j  tines  less  than  in  the  flock 
Cf  Kh3M VFB  (Table  22)  . 

The  data  of  Table  22  ar.d  of  Fig.  7oo  give  the  representation  of 
the  effect  of  nickel  on  steel  of  the  class  in  question.  Introduction 
~3o/o  8 i*  to  steel  of  the  type  Kh3NT B sharply  decreases  resistance  of 
relaxation  of  stresses  (at  E50°C) . Let  us  recall  that  the  nickel  is 
not  related  to  a number  cf  cell/elements,  which  increase  the  creep 
strength  of  commercial  ircn  and  low-alloy  steel,  since  this 
ce 11/eleae nt,  introduced  in  small  quantities,  harely  changes  the 
activation  energy  in  fertcus  alloys  and  it  does  not  virtually 
increase  the  temperature  cf  their  recrystallization  and  softening. 


- -V  ' — " t ZjC.  . ~ 
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Fig.  70.  Primary  the  cuives  of  the  relaxation  of  steels  Kh3MVF B and 
Kh5MVFB  (a)  aqd  Kh3 NKhM  1 E (t)  at  550°C  and  *0,  (iN/ra*  (kg/mm*):  1 - 
3C0  (30)  ; 2 - 250(25). 

Key:  ( 1) . MN/b2-  (2).  kc/#i«.  (3).  h. 
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table  22.  Relaxation  resistance  of  medium-alloyed  steels. 


0) 

CtUb 

npUMepHUA  XUMHHeCKMft 

~w~ 

TeMiw- 

... 

Mh/u‘IkT/mm‘ ) 

, . MH/M’lKT/Mlf).  N <r 

COCTU.  % 

p*Typ«. 

500 

1000 

1500 

2000 

X3MB+B 

0,1 7C;  2,9Cr;  0,4W;  0,4V; 
0,5Mo;  0,6Nb 

550 

250(25) 

300(30) 

115(11,5) 

117(11,7) 

95(9.5) 

108(10,8) 

83(8,3) 

100(10,0) 

75(7,5) 

96(9,6) 

X5MB<J>E 

0.16C;  5,6Cr;  0,5W;  0,4V 
0,4Mo;  0,6Nb 

550 

250(25) 

300(30) 

mum 

a 

/X'  " ' ; . 

18(1 ,8^) 
27(2,7*) 

X3H3B<J>B 

0.I8C;  2,8Cr;  3,INi; 

0,5Mo;  0,4V;  0,5Nb 

550 

250(25) 

300(30) 

i 

HI 

32(3,2) 

47(4,7) 

— 

27(2,7*) 

40(4,0*) 

X3K3M4>B 

0.2C;  3,0Cr;  3,0Co;  0,6V; 
0,6Mo;  0,4Nb 

565 

300(30) 

350(35) 

150(15,0) 

166(16,6) 

130(13,0) 

147(14.7) 

— 

U4(ll,4) 

130(13,0) 

Key:  (1). 

c/o.  (3). 
for  time. 


Steel.  (2).  Exemplary/approxiaate  of  chemical  composition. 
Temperature,  °C.  (H)  . ng/mx*) . (5).  (IN/m*  (kg/mm*)  t 

h. 


FOOTNOTE  ».  Extrapolated  values.  E NDE'OOTNOTE 
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On  data  [144],  the  characteristic  cf  creep  cf  3c/o  nickel  steel  with 
0.  10-0.15o/o  C with  400-500°C  almost  the  sau  and  plain  carbon  steel 
with  the  same  carbon  coitent  (relationsmp/ratic  of  creep  limits  of 
nickel  and  carbon  steel  cscillates  from  0.2  tc  1.2). 


Barely  effective  also  proved  tc  be  inticdtction  2-3o/o  m*  to 
chrcme-mol ybden am  steel  with  ~1o/o  Cr  and  0.5o/c  no.  Applied  as  early 
as  the  pra-war  years  in  foreign  turbine  construction  as  fastening 
material  chrome-nickel-iclybdenum  steel  " VitraC  (type  of  30KhN3H) 
was  subsequently  replaced  by  cnrcBe-nolybderuB-vanadium  and 
chrome-tungsten-vanaaiua  steel  [154], 

However,  so  sharply  negative  an  efrect  of  nickel  on  the 
quantitative  characteristics  of  relaxation  resistance,  what  it 
render/showed  into  the  steels  of  K h 3ME B psee  Fig.  70b),,  until  now, 
it  was  not  reveal/detected.  Apparently,  it  connected  with  presence  in 
steel  of  vanadium  and  niobium,  but  to  explain  tfe  reasons  for  this 
effect  thus  far  is  not  fcssible. 


Opposite  influence  exerts  cotalt.  uurieg  introduction  to  steel 
cf  the  type  Kh3MFB  not  less  than  3o/o  Co  its  relaxation  life 
considerably  grow/rises.  Value  oT  for  200C  h cf  testing  with  565°C 
and  #o=300  tfn/m*  (30  kg/nm*)  in  such  a steel  cf  fth3K3f!FB  is  130  ifN/rn* 
(13  kg/mm*),  but  for  steel  cfJ(a3HFE,  this  value  with  550°C  is  108 
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|^N/d2  (10.8  kg/am2)  (see  Table  22).  nowever,  with  the  saaller  content 
cf  cobalt  (to  2o/o)  of  the  positive  effect  cf  this  cell/element  on 
the  characteristics  of  relaxation,  it  Has  set  acted,  what  does  not 
coqtradict  the  charactei  cf  stress  curve  oT  - o/o  Co  for  12o/o 
chrome  steel,  which  relates  to  the  martensite  class  (see  Fig.  73). 

2.  Ferrite-martensite  steels. 


Are  this  involved  chrcve  steel  vita  11-1ho/o  Cr,  in  dependence 
frem  the  carbon  content  <C.1-0.3o/c)  anu  of  presence  of  the  alloying 
cell/elements,  these  steels  are  related  to  aartensite  or  (it  is  more 
frequent)  to  a ferrite- aartensite  class.  Sc,  with  content  of  <0. 15o/o 
C in  the  structure  of  fleck  with  11-Uo/o  C-r  ate  about  lOo/o  of 
surplus  ferrite.  This  quantity  of  ferrite  can  noticeably  increase 
with  additional  alloyinc  with  such  cell/ele te rt s as  molybdenum, 
vanadium,  tungsten,  niobium. 

Page  2C9. 

The  character  of  the  structure  of  chrome  steel,  which  contains 
0.15-0.30o/o  C,  also  defends  on  additional  alloying.  If  carbon 
>0.3o/o,  then  12o/c  chrcme  steel  with  any  cf  the  virtually  used 
combination  of  the  enumerated  cell /element s retains  martensite. 
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The  relaxation  resistance  of  12 o/o  chrcae  steel  is  determined  by 
the  nuaerical  ratio  of  tasic  structural  caapcnents  (ferrite, 
martensite),  by  the  degree  cf  their  alloying,  by  type  and  dispersity 
cf  carbide  phases  and  structural  stability  tnder  conditions  of 
elevated  tea peratures. 

The  available  experiaental  data  on  the  study  of  stress 
relaxation  in  coaplex-allcytd  chroie  steel  vitb  11-13o/o  Cr  confira 
these  positions  and  the)  xake  it  possible  tc  systeaatize  the  effect 
cf  the  alloying  cell/elexents  on  the  reiaxaticr  resistance  of 
f errie-aar tensite  chroae  steel. 

First  of  all  one  should  stop  at  the  efiect  of  carbon.  Froa  an 
experiaent  in  the  applicaticn/use  cf  the  stainless  steel  of  brands 
lKh13,  2Kh13,  3Kh13,  4Kfc13,  it  is  knoan  that  vith  an  increase  in  the 
carbon  content  with  0.1  to  C.4o/o  are  increased  the  yield  points  and 
elasticity  of  heat-treated  steel  at  normal  and  acderately  elevated 
temperatures  (Table  23).  Hovever,  to  the  relaxation  resistance  of 
chronic  fleck  at  elevated  temperatures,  cartcn  affects  faster 
negatively.  This  fact  was  fer  the  first  tiae  noticed  by  V.  I.  Smirnov 
[155],  but  it  was  not  ccnfiraed  quantitative  indices. 

Table  24  gives  the  values  of  the  remaining  stresses  after 
various  relaxation  tiae  at  temperatures  400  and  450°C  for  chrome 
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steel,  the  curves  of  the  dependences  of  relaxation  resistance  with 
h50°c  12o/c  chromic  fleck  cn  carber  content  are  shown  on  Fig.  71. 


Fig.  71.  The  effect  of  carbcn  on  relaxation  resistance  12o/o  chrome 
steel  with  45Q°c  different  duratief,  h:  1 - 100;  2 - 1000;  3 - 3000 


4 - 5000. 


Key.  (1).  HN/m2.  (2).  kg/ma*.  (3).  Carbon  ccgtent,  o/o. 
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lable  23,  Mechanical  prcperties  of  cnroae  steel  [18], 


CoAepMaHMe 
CTSJib  ^yrjiepoAa, 


1 A TepmiMCCKaH 
\y’  o6pa6oTK< 


0,10-0,15  [MOtiKiir  npii  860c  C 
(i|3aKa,'iKa  1050°  C*’,' 
IjjoTnycK  npii  500°  C 
»3 alia. 'IK a c 1050°  C, 
SlirnycK  npii  600°  C 
(jOaKa.iKa  c 1050°  C, 
4/OTiiycK  npit  730°  C 
0,16 — 0,24  i i/DT>Kiir  npii  860°C 
j73aKa.'iKa  1050°  C. 
I jX>TiiycK  np«  500°  C 
l)3aKa.iiia  c 1050°  C, 
V>™ycii  npw  600°  C 
iJpaKa-riKa  c 1050°  C, 
J^ornycK  npii  730°  C 
0,25 — 0,34  sX>T)Kiir  npii  860’ C 
3|3aKajiKa  c I050°C, 
JAiTiiycK  npii  600°  C 
3/3aKa.iKa  c 1050°  C, 
^iunycK  npw  720°  C 
0,35—0,42  OOTJKiir  npw  860° C 
JflakajiKa  c 1050°  C, 
iOTiiycK  npii  550°  C 
^3aKaaKa  c 1050°  C, 
([JfeTiiycK  n p n 700°  C 


0,35-0,42 


°r  | 

(ll)  Mn/M-{Kr/MM‘) 

a.  % 

+.  % 

dM/u * 

( Kr-M/CM *) 

200(20) 

400(40) 

23 

70 

100(10) 

800(80) 

1000(100) 

8 

50 

70(7) 

550(55) 

750(75) 

12 

55 

80(8) 

420(42) 

600(60) 

20 

60 

90(9) 

260(26) 

500(50) 

22 

65 

90(9) 

950(95) 

1250(125) 

7 

45 

50(5) 

650(65) 

850(85) 

10 

55 

70(7) 

420(42) 

600(60) 

20 

60 

80(8) 

300(30) 

550(55) 

20 

60 

70(7) 

800(80) 

950(95) 

9 

45 

50(5) 

600(50) 

700(70) 

15 

55 

50(5) 

350(35) 

600(60) 

20 

60 

70(7) 

950(95) 

1150(115) 

13 

47 

20(2) 

70.1(70) 

900(90) 

10 

45 

40(4) 

(1).  Steel.  (2).  Cat  be  it  content,  o/o.  (3).  Heat  treatment. 
f!N/n>2  (kg/aa*) . (5).  J/a a (kg •a/ca*)  . (oj  . Annealing  with.  (7). 

DnnmMrirm?  • n ->  • • 


r.  n/b*  (Jcg/a  a£) . (5).  J/a  « (kg  «a/ca2)  . (o)  . Annealing  with. 

FOOTNOTE*.  Cooling  in  air  in  all  cases.  ENDF00TN0TE. 

Quenching'. ^(8) . teapering  with.  (9).  yuenching  s. 
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Table  24.  Belaxation  resistance  12c/o  caroie  steel. 


CTai*  (coAepwa- 

\[>)  o„  Mh/m* 

. M»/*’(Kr/«»)  aa  apeux.  « 

uh«  yrjiepoAA.  %) 

(kF /mm  ) 

iou  | 

1000 

3000 

5000 

10000*' 

400°  C 

1X13 

200(20) 

160(16,6) 

148(14,8) 

141(14,1) 

138(13,8) 

121(12,1) 

(0,10-0,15) 

250(25) 

202(20,2) 

163(16,3) 

158(15,8) 

153(15,3) 

138(13,8) 

J 

300(30) 

200(20) 

231(23,1) 

145(14,5) 

186(18,6) 

137(13,7) 

183(18,3) 

134(13.4) 

178(17,8) 

130(13,0) 

160(16,0) 

2X13 

250(25) 

181(18,1) 

175(17,5) 

166(16,6) 

163(16,3) 

— 

(0,16-0,24) 

300(30) 

227(22,7) 

207(20,7) 

180(18,0) 

170(17,0) 



450°  C 


1X13 

200(20) 

133(13,3) 

109(10,9) 

98(9,8) 

88(8,8) 

72(7,2) 

(0,10-0,15) 

250(25) 

151(15,1) 

124(12,4) 

112(11,2) 

107(10,7) 

95(9,5) 

2X13 

300(30) 

173(17,3) 

145(14,5) 

128(12,8) 

118(11,8) 

10l(l0, 1) 

250(25) 

122(12,2) 

109(10,9) 

90(9,0) 

80(8,0) 

— 

(0,16-0,24) 

300(30) 

156(15,6) 

130(13.0) 

108(10,8) 

96(9,6) 

3X13 

200(20) 

113(11,3) 

86(8,6) 

73(7,3) 

64(6,4) 

250(25) 

128(12,8) 

95(9,5) 

78(7.8) 

68(6,8) 

(0,25—0,34) 

300(30) 

136(13,6) 

113(11,3) 

102(10,2) 

94(9,4) 

4X13 

250(25) 

129(12.9) 

93(9,3) 

— 

— 



(0,35-0,42) 

300(30) 

150(15,0) 

112(11,2) 

Key:  (1).  Steel  (carbon  content,  o/o) . (2).  MB/n*  (kg/nn2).  (3) 


KN/m2 (kg/B n2)  for  tine,  h. 




I 

FCCTNOTE  1 . Extrapolated  values.  E NDFOOINOIE. 
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DOC  = 78153910 


PAGE  ~H— 


vi4 

From  these  data  it  is  evident  that  the  presence  of  carbides  in  the 
structure  of  chrome  steel  is  net  decisive  fer  its  relaxation  life, 
that  is  confirmed  also  in  work  [•56'3.  Apparently,  main  role  in 
strengthening  of  steel  »ith  12o/c  Cf  play  precipitation  hardening  and 
cccurring  during  heating  processes  or  redistributing  of  dislocations 
and  emergence  of  segregatiers  £157].  At  the  sa>e  time  the  particles 
cf  excess  carbide  phase  must  prevert  movemect  cf  dislocation  thereby 
exert  the  known  strengthened/hardened  influence.  It  is  completely 
probable  that  the  latter  is  developed  with  the  smaller  concentrations 
cf  carbon,  for  example  frem  0.01  t<  u.  lo/o  (Fig.  71  these  limits 
shows)  . 

As  can  be  seen  froQ  the  data  cf'Tdole  24,  chrome  steel  of  brands 
iKh  1 3,  2Kh  13  and  3Kh13  with  400-45C°C  possesses  relaxation 
resistance,  completely  sufficient  for  its  practical  application/use 
as  fastening  material,  fiewever,  at  higher  temperatures  it  sharply  is 
softened.  That,  at  500°C  in  steel  of  4Kh13  during  1000  h is  retained 
20c/o  of  initial  stress,  which  was  200-30Q  ^H/a2  (20-30  kg/mm2).  At 
550°C  in  steels  lKh13  and  2Vh13,  the  initial  stress  already  during 
500-1000  h relaxes  with  250  to  10-15/^N/m2  (frem  25  to  1.5  kg/mm2)  . 

The  alloying  of  12c/o  chrome  steel  ~Q.5o/o  Ho  little  changes 
matter;  in  steel  wiith  1 2o/c  Cr,  0.5o/o  flo  ard  0.15o/o  C at  the  same 

temperature  and  with  initial  stress  value  <rt  = 10  ty/»*  (1  kg/mm2)  is 

achle  \ed  for  2000-2500  h. 
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Fig.  72.  The  effect  of  vanadium  on  resistance  of  relaxation  (a)  and 
cf  creep  (b)  of  steel  nith  12o/o  CE,  O.bo/c  Be  and  0.15o/o  C at 
different  temperatures  and  tith  stresses,  fSn/n2  (kg/mm2)  : 1 - 550°c, 
•=80(8);  2 - 60 0®C , o-eois)  (6)  ; 3 - 630°,  *=40  (4);  4 - 550°,  •0=25(2.  5). 

Key;  (1).  BN/m2.  (2).  kc/mm2. 

Eage  213. 

Consequently,  for  creation  ty  high  relaxation  resistance  at  550-600°C 
is  required  the  conplex  alloying  of  Ixo/o  chrcnc  steel. 

The  results  of  the  investigations,  carried  out  in  work  [158,  p 
45],  make  it  possible  tc  es tahl is b/ install  sene  laws  governing  the 
effect  of  the  alloying  cell/elements  on  the  relaxation  resistance  of 
12o/o  chrome  steel.  It  tas  establish/installed,  that  the  alloying  of 
steel  nith  12o/o  C -r  and  0.5c/o  Ho  nith  vaqaciui  in  quantity  0.3-0. 5 
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leads  to  deceleration  of  the  process  of  relaxation  and,  therefore,  to 
an  increase  in  value  aT  (Jig.  72)  in  connection  with  the  fact  that 
the  presence  of  a snail  quantity  of  vanadiun  stabilizes  basic 
■artensite  structure,  since  its  significant  part  is  expend/consumed 
cn  the  fornation  of  cartide  VC.  Mith  the  larger  content  of  vanadium 
in  the  structure  of  steel,  is  CDserved  a noticeable  increase  in  the 
quantity  of  ferrite,  in  this  case,  is  increased  the  concentration  of 
the  vanadium,  dissolved  in  ferrite,  as  a result  of  which  increases 
the  rate  of  relaxation. 


Let  us  note  that  vanadium  has  analogous  effect  cn  creep.  And  in 
this  case  is  establish/installed  [ 159 J tne  cptiaum  content  of 
vanadium  with  which  creep  rate  smallest  (Fiq.  71fc) ; at  550°C  it 
composes  0.3-0. 6o/o  (i.e.  tie  same  as  under  conditions  of 
relaxation) . 
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Fig.  73.  Effect  of  the  alloying  of  steer  on  tasis  12o/o  CR  on  its 
relaxation  life  with  55C°C  .,,=  250-300  lalu/a*  (25-30  kg/mm2)  , r=4000  h. 
The  chemical  compositiot  of  steels,  o/o:  1 - 1.C  W,  0. 4 V,  0.15  C;  2 
- 2 H,  0.4  V,  0.3  C;  3 - 1.C  Mo,  0.10  V,  0.10  C;  4 - 0.7  Mo,  0.4  V, 
0.15  C;  5 - 0.7  Mo,  0.4  V,  C.7  Mb;  6 - 0.5  Be,  C.7  W,  0.4  V,  0.6  Nb. 

Key:  (1).  MN/m2 . (2).  kg/an2.  (3).  content  cf  cell/elements,  o/o. 

Eage  214. 

Sith  an  increase  in  the  temperature  to  o00-63C°C,  the  minimum  of 
creep  rate  in  curves  va  - c/o  V is  aesxgnated  more  clearly  and 
answers  0.  3o/o  V. 


Introduction  0.3-0.7c/c  Mo  to  steei  with  12o/o  Cr,  0. 4 V and 
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1-2c/o  M leads  to  the  even  higher  values  of  stress  ax  (Fig*  73).  But 
an  increase  in  the  content  cf  mcly bdeuum  in  this  steel  to  I.Oo/o 
causes  decrease  ox,  which  is  connected  with  the  total  ferrite  forming 
effect  of  nolybdenua,  vanadium  and  tungsten.  In  the  structure  of  such 
a steel,  are  present  the  isclated  sections  cf  surplus  ferrite. 
Alloying  with  tungsten  ias  carried  out  in  wider  apparitors  - from  0.5 
to  4.Qc/o.  The  results  cf  relaxaticn  test  stow  that  the  introduction 
lo/o  W to  steel  with  12c/o  C 0.5c/o  Mo  anc  0.  4o/o  V somewhat 
increases  the  resistivity  cf  relaxation  ii\  ccaparison  with  steel 
without  tungsten.  However,  further  increase  in  the  content  of  this 
cell/element  leads  to  a reducticn  in  the  value  cf  the  remaining 
stress  (Fig.  74a).  The  fact  is  that  uuring  introduction  to  such  a 
steel  to  1-1.5o/o  H its  significant  part  renains  in  solid  solution 
together  with  molybdenui,  which  leads  to  the 

retarding/deceleration/delay  of  diffusion  processes  and  provides  an 
increase  in  the  relaxation  resistance  or  steel.  During  an  increase  in 
the  content  of  tungsten  tc  4o/o,  latter  goes  net  only  for 
strengthening  of  martensite,  but  ir  essence  for  forming  of 
considerable  quantity  of  surplus  ferrite  resistance  of  relaxation  of 
which  is  considerably  below.  Furthermore,  the  diffusion  processes 
between  ferrite  and  martensite  reduce  structural  stability  and 
thereoy  they  contribute  tc  a reduction  in  the  resistivity  of 


l *■ 


relaxation 
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Fig.  74.  the  effect  of  tungsten  on  resistance  cf  relaxation  (a)  and 
cf  creep  ( b)  of  12o/o  cfcrcme  steel  with  55CcC  and  a0,  fa/m*  (kg/mm2): 
1 - 0.6  Mo,  0.4  V,  0.15  C,  «o=250  {25);  Z - C.6  Bo,  0.4  V,  0.3  C, 
oo=300  (30)  ; 3 - 0.7  Mo,  C.3  V,  0.1C  C,  «=8C(8). 

Key:  (1).  HN/m2 . (2).  kg/nm2. 

Page  215. 

At  the  same  time  it  is  kncwn  [for  159]  that  the  presence  3-4o/o 
B in  of  12o/o  chromic  fleck  leads  to  an  increase  in  the  resistivity 
cf  creep  and  stress-rupture  strength  (Fig.  141)  . Comparative  analysis 
cf  primary  curves  of  relaxation  and  creep  ct  steel  with  12o/o  C r, 
C.5o/o  Mo  and  4o/o  H shews  that  the  first  stage  of  the  process  of 
relaxation  in  such  a steel  cccur/f lew/ last s with  larger  intensity 
than  initial  creep.  Apparently,  the  process  of  a voltage  drop  is  more 
sensitive  to  structural  stability,  than  plastic  strain  with  constant 
load  (creep). 


DOC  = 78153910 


PAGE 


Very  effective  effect  cn  the  reiaxaticc  resistance  of  12o/o 
chrome  steel  exerts  niobium.  So,  the  value  cf  the  remaining  stress 
after  4000  h during  introduction  tc  U.7o/o  tib  to  steel  with  12o/o  C-r , 
C.5-0.7o/o  Mo,  0.4o/o  V and  0- 15o/c  U grow/rises  approximately  two 
times. 


It  is  possible  to  assume  that  au  increase  in  the  resistivity  of 
the  relaxation  of  chrome  steel  with  the  alloying  of  it  with  niobium 
is  caused  by  forming  of  stable  particles  of  carbide  of  niobium  NbC 
and  by  larger  degree  of  the  alloyirg  of  solid  sclution  with 
molybdenum,  vanadium,  chromium,  tungsten  (because  of  impoverishment 
by  these  cell/elements  cf  the  basic  carnide  phase  Me23C6).  In  this 
case,  the  effectiveness  of  the  action  or  niobium  on  an  increase  in 
resistance  of  the  relaxaticr  of  hi  gh-enrom  i urn  flock  to  a great  degree 
depends  on  the  content  cf  ether  alloying  cell/elements. 

Ihey  proved  to  be  invalid  of  attempt  tte  relaxation  resistance 
cf  chrome  steel  by  nickel.  Introduction  to  steel  with  12o/o  C-r, 

C.7c/o  Mo,  0.4o/o  V and  G.7c/o  Nb,  nickel  from  C.5  to  1 already  leads 
to  certain  reduction  in  the  resistivity  of  the  relaxation  (see  Fig. 
73).  During  further  increase  it  the  concept  cf  nickel  in  this  steel, 
intensity  of  the  process  cf  relaxation  snar^ly  increases.  In 
connection  with  this  in  chrcme  steel  of  a ferrite-martensite  class, 
it  is  allow/assumed  by  >5G.2o/o  N?» 


AD- A 066  125  FOREIGN  TECHNOLOGY  DIV  VRIGhT-PATTERSON  AFB  OHIO 

RELAXATION  OF  STRESSES  IN  METALS  ANO  ALLOYS* <U> 
NOV  78  AM  BORZDYKA'  L B 6ETS0V 
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Effect  on  the  relaxation  resistance  of  ccaplex-alloyed  chroae 
steel  of  a quantity  of  carbon  in  comparison  with  pure  12o/o  chroae 
steel  has  soae  special  ieature/peccliarities.  Hith  an  increase  in 
carbcn  froa  0.1  to  0. 2o/c  value  oT  insignificantly  it  grow/rises. 
Further  increase  in  the  carton  content  snarply  decreases  value  ot 
(Fig.  73). 

Page  216. 

The  decrease  of  relaxation  resistance,  apparently,  is  caused  by 
fcrning  in  steel  with  0.3-0.4o/o  C alter  temper  hardening  of  the 
structure  of  sorbite  with  the  expressed  orientation  through 
■artensite. 

There  is  information  about  the  aouificaticr  of  12o/o  chroae 
steel  by  the  boron,  introduced  into  steel  in  insignificant  quantities 
(0. 002-0. 003o/o)  for  purpose  of  an  increase  in  its  heat-resistant 
properties.  However,  the  data  on  the  efrect  of  siall  ones  the 
addition  of  boron  on  relaxation  resistance  in  the  literature  are 
absent. 

In  connection  with  this  deserve  attention  the  obtained  in  work 
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[158,  p 34]  data  for  steel  cf  the  type  KhlOVBEf  with  addition 
0.002o/o  V and  without  it.  Were  obtained  the  following  values  of  the 
regaining  stresses  after  10/00  h (after  quenching  with  1150°C  and 
tempering  with  650°C)  (Table  25). 

The  positive  effect  cf  boron  cn  relaxation  resistance,  at  least, 
to  580°C  does  not  leave  doubts.  It  is  known  that  boron  contributes  to 
the  cleansing  of  the  boundaries  of  the  grains  cf  aetal  and  to  the 
bending  of  haraful  low-ielting  iapunty/adaix tures  in  they  are 
high-aelting  chemical  ccapccnds.  The  remaining  part  of  the  introduced 
into  steel  quantity  of  boron  can  directly  increase  resistance  of 
steel  cf  creep  and  relajaticn.  The  audrtron  cf  boron  into  steel 
Kh  12VMBF  is  in  practice  utilized  for  an  increase  in  its  relaxation 
life  (steel  of  the  aark/brand  of  KhliMBFfi). 

Thus,  is  establish/installed,  that  for  an  increase  in  the 
relaxation  resistance  of  12c/o  chrcme  steel  are  most  useful  such 
cell/elements  as  vanadiua,  aolybdenum  and  niebiua,  introduced 
separately  or  together. 
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"fable  25.  Effect  of  borcn  on  the  relaxation  resistance  of  IO0/0 
chrone  steel. 


Te.neprrypi.  *C 

u) 

Him.  Mh/m*  (kT/mm') 

XIOBMBO 

550 

90(9,0) 

)(Ge3  Gopa) 

565 

70(7,0) 

580 

54(5,4) 

600 

23(2,3) 

XIOBMBO 

550 

110(11) 

|(c  0.002%  B) 

565 

88(8,8) 

580 

65(6,5) 

600 

30(3,0) 

Key:  (1).  steel.  (2).  Temperature,  °c.  iJ)  . BI/t*  (kg/an*).  (4). 
(without  borcq)  . (5).  (with  0.002o/o  tf) . 

Page  217. 

Hicroalloying  by  boron  [ 0. C02-0. 003o/o  V'  (according  to  calculation)  ] 
even  more  greatly  increases  resistance  of  tie  relaxation  of  such 
steels. 

Table  26  gives  the  fundamental  characteristics  of  relaxation 
properties  at  operating  temperatures  of  coaplex-alloyed  chrone  steel, 
which  obtained  industrial  application/use.  lbeir  chenical  conposition 
is  given  in  Table  27. 
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Knuaerated  steels  co  tkeir  lelmtio.  lit.  can  be  divided  into 
tec  grout®.  In  the  first  grcup  enter  steels  cf  trends  1Kh12v1l!F. 
thhUVUdr  end  mtlHPB  for  vbich  the  reseining  stress  efter  1000  h et 
550»C  oscillates  froe  5C  tc  80  Mn/.s  ,£roe  J to  8 kg/nn2>. 


tiie 


The  second  group  includes  steels  of  1 Kb  12 VHP  and  2Kh12»HBPB  «ith 
higher  values  . ,ooo*1 10- 140  HN/an2  ,11-.lu  kg/..2)  at  560-565"c. 


In  each  group  the  test  properties  possess  steels, 
nicbiui. 


which  contain 
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tjable  26. 


Relaxation  resistance  of  moaitied  12c/o  chroae  steel. 


l!> 

Ortlfc 

H 

hP 

S>\ 

M BpeMf . ' 

« 

Mm/jf 

(«r/juO 

500 

1000 

5000 

ioooo 

2X13 

550 

250(25) 

15(1,5) 

10(1,0) 





IXI1M<1> 

565 

300(30) 

50(5,0) 

— 

— 

— 

18X1 1M<1>6 

550 

300(30) 

90(9,0) 

80(8,0) 

— 

50(5,0) 

lX12BHM<t> 

(SH802) 

560, 

560* 

350(35) 

350(35) 

130(13) 

110(11) 

172(17,2) 

90(9,0) 

136(13,6) 

70(7,0) 
>120 
(>  12) 

1X12B2M4) 

(3H756) 

550 

300(30) 

80(8,0) 

70(7,0) 

60(6,0) 

50(5,0) 

1X12B4MO 
OH  757) 

550 

300(30) 

60(6,0) 

50(5,0) 

40(4,0) 

30(3,0) 

2X12BMB«J>P 
OH  993) 

565 

565* 

300(30) 

300(30) 

155(15,5) 
200  (20) 

140(14) 

182(18,2) 

125(12,5) 

156(15,6) 

106(10,6) 

133(13,3) 

Key;  (1).  Steel.  (2).  Temperature,  °C.  (3).  HE/«*  (kg/ns*) . (4).  NN/a2 

(kg/aa2) , for  time,  h. 


FOOTNOTE  *.  Hith  twofold  loading.  I NDFOOTNCIE. 


Page  218. 


A comparatively  low  relaxation  life  is  cnar acteristic  for  both  of 
tuQgsten-bearing  steels,  in  particular  the  aark/brand  of  1Kh12V«HP, 
which  is  f cund  in  accordance  with  ex^enaental  data  presented  above 
through  the  effect  of  tcngsten. 


Highest  relaxation  life  with  55o-t>0U°C  frci  a naaber  of  those 
given  in  Table  26  possesses  steel  Kh12VHdPG.  Value  ot  for  1(^000  h 


fcr  it  comprises:  at  565°C  11  £(11),  at  38C°C  100(10)  M«/«*  (kg/aa2) 
(after  the  optiaua  cond itic rs/aode  or  heat  treataent).  As  shown  in 
work  £22  p,  118],  and  alsc  1.  id.  lieoeraanr  [160,  p 236],  corrected 
values  °t  by  the  aethod  of  repeated  loadings  can  be  still  raised  - 
to  130  Ml/.*  (13  kg/aa2) . 
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able  27. 


The  chemical  composition,  o/o,  modified  chrome  steeH. 


FOCTHOTE  ».  The  chemical  ccipositicn  according  to  GOST  5632-61. 
ENDFOOTNOTE. 


(j  ) CTlAfc 

C 

SI 

Mu 

Cr 

2X13(3*2) 

0.16-0,24 

<0,6 

<0,6 

12,0—14,0 

1X1  lM<t>(  15X1  lM<t>) 

0,12-0.18 

<0,5 

<0,7 

10,0-11,5 

ISXilAKPB*^ 

0,10—0,17 

<0,5 

0,5-1 ,0 

10,0-11,5 

lX12BHM<t>(5H802) 

0,12-0,18 

<0.4 

0,5-0, 9 

11,0—13,0 

IX12B2M<t>(3H  756)  x. 

0,10-0,17 

<0,5 

0,5— 0,8 

11,0—13,0 

1X12B4M<J>(3H757)** 

0,10-0,17 

<0,5 

0,5-0, 8 

10,5—12,5 

2X12BME4>P(3H993) 

0,15—0,22 

<0,5 

<0.5 

11.0-13,0 

<7)ctm* 

w 

Mo 

V 

Nb 

Nl 

2XI3(3)K2) 



1 



<0,06 

lXHM<t>(l5XllM<t>) 

— 

0 , 6 — 0 , 8 

0,25-0,40 

— 

<0,05 

18X1 1M4>B**1' 

— 

0, 6-0,9 

0,3-0, 4 

0,25- 

0,35 

0,6 — 0,9 

lX12BHM<t>(3H802) 

0,7-1, 1 

0,5-0, 7 

0,15-0,30 

— 

0, 4-0,8 

1X12B2M<D(3H  756) 

1.7-2, 2 

0,6-0, 9 

0,15-0,30 

— 

<0,30 

IX12B4M$(3H757)** 

3,6-4, 2 

0,6— 0,8 

0,10-0,30 

— 

<0,5 

2X12BMB<tP(3ll993) 

• Steel. 

0. 4-0,7 

0,4-0, 6 

0,15—0,30 

0, 2-0,4 
<0,003B 

<0,35 

FCOTMOTE  *.  The  chemical  ccapositicq  oy  handbook  on  the 
materials  of  turbo-  and  motcr  construction.  Hashgiz 
Scientific  and  Technical  Publishing  house  of  literature 
Panufactur e ],  1961,  p 517.  ENDFOOT ROTE. 
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3.  Austenitic  steels  and  Fe— Cr— Ni  alloys. 

If  we  examine  resistance  of  the  relaxation  (with  the  constant  of 
temperatures)  of  the  series  cf  the  alloys  cf  ternary  system  Pe-Cr-Ni 
with  increasing  content  cf  cne  of  the  components,  then  this 
dependence  can  be  expressed  by  curve  "remaining  stress  ox  - a 
guantity  of  alloying  cell/element"  . such  ctrves  with  various  initial 
stresses  for  one  of  the  cut/sectiops  (with  20c/c  Cr)  of  diagram 
Fe-cr-Ni  are  constructed  in  Fig.  75,  moreover  alternating/variable 
cell/element  is  the  nickel  whose  ccntent  in  this  series  of  alloys  was 
varied  about  10  to  78o/c  [93].  All  alloys  tierially  machined  to 
identical  grain  size. 

It  is  obvious  that  curves  <Jt  - the  content  of  nickel  are 
characterized  by  typical  fcr  solid  solutions  slanting  maximum. 
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Fig.  75.  Effect  of  nickel  cn  creep  lrnit  fcr  v=10~**h  (a)  and  the 
regaining  voltage  of  relaxation  (b-d)  iu  tfcc  alleys  cf  ternary  system 
Fe-cr-Ni  (cut/section  with  lOo/o  Cr>  at  60  0cC.  The  duration  of 
testing,  h:  1 - 100;  2 - 50C;  3 - IOoO;  4 - 2000  »,  fcfcl/B2  (kg/mm2) ; 
t)  100(10);  c)  150(15);  d-  200  (20). 


Key:  (1).  MN/a2  (kg/mm2) 
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It  is  interesting  to  note  tbat  analogous  f c r a for  the  sane 
cut/section  of  systen  Fe-Cr-Ni  has  curved  linit  of  creep  - content  of 
nickel  (Fig.  75a).  The  sane  character  rs  established  in  the  isotherns 
cf  hardness  for  the  alleys  cf  the  cut/secticn  irdicated  in  the  region 
cf  solid  solution  [161,  162]. 

Analogous  with  creep  under  conditions  cf  stress  relaxation  at 
the  relatively  small  intensity  of  process  and  dmraticn  to  10000  h is 
noted  the  insignificant  tele  of  nickel  in  atstenitic  alloys  with  the 
constant  content  of  chrciiui  (with  tne  condition  cf  bringing  the 
structure  factors  to  by  cne  denominator)  - 

At  the  same  time  a change  in  the  iuteqsity  of  the  process  of 
relaxation  can  affect  tie  character  of  curves  the  remaining  stress  - 
ccijtei)t  of  the  alloying  cell/element  (see  Fig.  15).  fiith  an  increase 
in  the  initial  stress  «c  (and,  ccnseguently,  the  rate  of  relaxation) 
the  effect  of  the  alloying  cell/element  beccaes  more  distinct.  The 
decrease  of  initial  stress,  on  the  contrary,  "levels  out"  the 
relaxation  resistance  o!  the  alloys  of  different  composition; 
curvature  by  curve  o*  - the  content  of  nickel  is  smoothed. 
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The  rate  of  the  process  of  relaxation,  which  depends  on  value 
«Q#  affects  not  only  the  cucvature  cr  curves  and  the  value  of 
maximum,  but  also  its  pcsition  along  the  axis  cf  the  chemical 
ccmposition.  From  the  sane  cf  Fig.  75,  snows  that  with  an  increase  in 
the  initial  stress  the  laxiaum  cn  curves  is  shi ft/sheared  along  the 
axis  of  abscissas  to  the  right,  i.e.,  to  the  side  of  the  larger 
content  of  the  alloying  cell/element  (in  this  case  from  40  to  55o/o 
Ml). 


The  effect  of  the  ccntent  of  rickei  was  studied  also  on  some 
*ore  compound  alloys,  relating  to  systems  fe-Cr-Ni-H,  Fe-Cr-Ni-No  and 
Fe-Cr-Ni-W-Mo  with  addition  1.S-2o/o  Xi  and  without  it.  The  content 
cf  chrcmiun  composed  15  and  20o/o  [ 2 12,  p 116]. 

In  all  cases  the  curves,  which  reflect  a change  of  the 
characteristics  of  relaxation  in  dependence  cn  the  ccntent  of  nickel 
(Fig.  76a)  , ip  multicompcnent  alloys  retain  the  same  character,  as  in 
ternary  alloy  Fe-Cr-Ni.  Hcwever,  in  Fe-cr- Ni-W-li  and  Fe-Cr-Ni-No-Ti 
alloys  the  maximum  value  of  the  remaining  stress  (for  example,  at 
650°C)  is  observed  with  25-27o/o  N * (on  the  analogous  diagram  of  Fig. 
75  this  maximum  when  <j3  answers  ~40o/o  Mi). 


■ ~ i 
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Hence  it  follows  that  the  position  of  tne  maximum  of  relaxation 
resistanca  in  curves  coxposition  - property  depends  not  only  on  the 
content  of  nickel,  but  also  on  the  degree  of  the  additional  alloying 
cf  solid  solution. 

The  discovered  in  the  alloys  cf  the  studied  systems  maximums  of 
relaxation  resistance  correspond  tc  the  maximux  cf  the  forces  of  the 
interatomic  bond  which  lith  certain  alloying  depend  first  of  all  on 
the  relaticnship/ratio  <f  nickel  and  iron  [15,  p 412]. 

Figures  76  also  shews  that  the  molyoderum-containing  austenitic 
alloys  possess  smaller  relaxation  lire  tnan  being  tungsten-bearing, 
which,  apparently,  is  connected  with  the  larger  diffusion  mobility  of 
the  atoms  of  molybdenum  in  7-sclid  solution. 

Figures  76. b shows  the  effect  or  tungsten  on  stress  relaxation 
in  Fe-Cr-Ni  alloys  of  this  type.  In  steel  with  I80/0  N i,  maximum 
relaxation  life  is  observed  already  witu  2.5o/o  W;  an  increase  in  its 
content  to  5o/o  leads  tc  noticeable  reducticp  ax  it  alloys  with 
25o/o  Hi’  there  is  the  elengated  maximum,  which  corresponds  to  3-4o/o 
H,  and  finally  in  alloy  with  35o/o  Hi1  occurs  a continuous  increase  in 
the  relaxation  resistance  up  to  5o/c  w.  Aoalcgots  laws  gives  the 


effect  of  iclybden ua. 

Thus,  for  austenitic  steels  ard  alloys  there  is  an  optimum 
content  of  the  alloying  cell/elements  -nose  exceeding  causes 
softening  cf  solid  solution. 
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Fig.  76.  The  effect  of  the  content  of  nickel  (a)  and  of  tungsten  (b) 
in  aulticoapoqent  alloy  cn  relaxation  resistance  with  650°C,  «o=250 
I^M/rn2  (25  kg/am2) : 1 - 2.5  K;  2 - 2.5  bo;  3 - 15o/o  Ii  ; 4 - 25o/o  H f; 

5 - 35 o/o  NT. 


Key:  (1).  HN/a2.  (2).  kg/nn2. 
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This  is  explained,  apparently,  either  by  the  i ifcverishmen t of  the 
latter  by  soae  alloying  cel 1/eleae nts  in  connection  with  an  increase 
in  the  quantity  of  excess  phases  or  roraing  of  cew  type  phases. 


Excess  phases  in  austenitic  steels  and  alleys  can  be  or 
interaetal lie  coapound,  since  when,  in  carken  is  present,  fusion,  - 
carbides  of  types  HeC,  Ee23C4,  etc.  in  alloys  with  the  sufficiently 
high  content  of  nickel,  the  latter  direccly  participates  in  the 
feraation  cf  the  joints  cf  types  Ni3li  and  *ia(Ti,  Al)  , aost 
frequently  encountering  in  heat-resistant  alloys.  Together  with  theo 


DOC  = 78153910 


PIGI  ^3r 


ace  known  also  joints  ol  the  type  We^fle"  (laves*  phase)  formable  by 
icon  with  such  cell/element s as  tungsten  (Fe2«)»  molybdenum  (Fe2Mo), 
niobium  (Fe2Nb)  . The  natuce  oi  the  enumerated  p bases  is  examined  in 
detail  in  works  [19,  163]. 

Table  28  and  29  give  given  data  on  relaxation  resistance  of 
typical  heat-resistant  austenitic  steels,  reinforced  because  of 
carbide  and  intermetallide  phases.  Initial  teat  treatment  consisted 
in  quenching  (austenitizing)  under  the  optimum  conditions  and 
subsequent  tempering  (acing)  for  6-24  h at  tfce  temperatures, 
exceeding  on  50-100  deg  testing  temperature.  Frcm  the  comparison  of 
Tables28  and  29,  show  that  they  stepped  with  intermetallide 
strengthening  they  are  characterized  uy  larcer  relaxation  life,  the 
highest  values  of  the  remaining  stresses  has  steel  of  Kh15N25V4T,  and 
made  of  steels  with  cartide  strengthening  the  test  relaxation  life  in 
complex-alloyed  steels  cf  3Kh19N9  DTB  and  1th  1 *1 M8V2BR  1. 

Together  with  austenitic  steels  and  alloys,  which  relate  to 
system  Fe-Cr-Ni,  are  kncun  heat-resistant  steels,  which  relate  to 
systems  Fe-Cr-Nn  and  Fe-Cr-Hi-Hn,  that  nave  satisfactory  relaxation 
resistance  [ 165,  195,  p 22].  However,  tne  systematic  effect  of  the 
alloying  cell/elements  cn  stress  relaxation  in  iron-chrome-manganese 
alloys  was  not  studied  with  exception  or  work  [166],  in  which  was 
investigated  the  role  of  the  carbide-corning  cell/elements  in  steel 
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cf  the  type  2Kh12G12.  Tke  results  cf  r erax aticq  tests  with  600°C  and 
•*=120  $N/b*  (12  k g/na2 ) are  representea  in  fig.  77,  froa  which  it  is 
evident  that  each  of  focr  cell/eleients  incieases  stress  level  »20oo 
approxiaately  to  one  and  the  saae  level  75-65  ft/®2  (7. 5-8. 5 
kgf/ca2)  . 
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Table  28.  Relaxation  resistance  of  typical 
carbide  strengthening. 


austenitic  steels  with 


ClUk 


7?. 


o V Mh/m  - 


CM)  • Mh/m‘  ( xr/MM •).  u tpeua,  « 


1 * 

1 «»#  /MM’) 

1 100  1 200  1 500  1000  I 2000 

snno 

4XI4HI4B2M 

(5H69) 

550 

600 

600 

200(20) 

100(10) 

120(12) 

| E 

140(14) 

51(5,1) 

1 70(7,0) 

35(3,5) 

43(4,3) 

25(2,5) 

29(2,9) 

18(1,8) 

22(2,2) 

XI8H9T 

600 

600 

600 

650 

650 

650 

100(10) 

120(12) 

150(15) 

60(6) 

100(10) 

150(15) 

84(8,4) 

98(9,8) 

115(11,5) 

44(4,4) 

67(6.7) 

98(9,8) 

82(8,2) 

96(9.6) 

110(11) 

38(3,8) 

61(6.1) 

95(9,5) 

78(7,8) 

90(9,0) 

107(10,7) 

34(3,4) 

55(5,5) 

89(8,9) 

72(7.2) 
83(8,3) 
98(9,8) 
29(2,9) 
50(5,0) 
81(8, l) 

62(6.2) 

72(7,2) 

85(8,5) 

21(2.1) 

39(3,9) 

65(6,5) 

— 

3X19119MBTB 

(3H572) 

560 

600 

600 

600 

650 

650 

200(20) 

200(20) 

250(25) 

300(30) 

200(20) 

250(25) 

152(15.2) 

138(13,8) 

160(16,0) 

180(18.0) 

110(11,0) 

130(13,0) 

— 

147(14,7) 

125(12,5) 

135(13,5) 

163(16,3) 

90(9,0) 

103(10,3) 

144(14,4) 

117(11.7) 

123(12,3) 

139(13,9) 

82(8,2) 

91(9,1) 

139(13,9) 

134(13,4) 

90(9,0) 

96(9,6) 

100(10) 

65(6,5) 

75(7.5) 

4X18H25C2 

OH3C) 

550 

550 

600 

600 

150(15) 

200(20) 

150(15) 

200(20) 

— 

123(12,3) 

155(15,5) 

124(12,4) 

100(10,0) 

118(11,8) 

150(15,0) 

90(9,0) 

119(11,9) 

113(11,3) 

147(14,7) 

81(8,1) 

117(11,7) 

112(11,2) 

145(14,5) 

73(7,3) 

82(8,2) 

1X14HI8B2BPI  1 
OH726)  | 

650 

650 

150(15)  I 
200(20)  | 

107(10,7) 

126(12,6) 

— 

99(9,9) 

118(11,8) 

92(9,2) 

112(11,2) 

88(8,8) 

105(10,5) 

96(9,6) 

Mote. 


The  chemical  coapcsition  of 


steels  according  to  GOST  5632-61. 


Key:  (1).  steel.  (2).  Tcaperature,  °c.  tj)  . aii/a*  (kg/»B2) 
(kg/ma*),  for  time,  h. 


(“)  • 
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Table  29.  Relaxation  resistance  of  austenitic  alloys  with 
inter we t al lide  strengthening. 


(J) 

I (?-)' 

Teiene  pa- 

(l)  Ot  . Mh/m * *!  it  tptut.  « 

CHJlb 

Typa,  • C 

100 

500 

1000 

5000 

10  000 

X15HI8B3T 

(3ri507) 

650 

— 

188(18,8) 

180(18,0) 

, " r 

160(16.0) 

1 

148(14,8) 

160(16,0) 

XI5H25B4T 

(3ni64) 

XI5H33BMT 

(311692) 

XI5H35BT 

212(21.2) 

204(20,4) 

201(20.1) 

178(17,8) 

196(19,6) 

185(18,5) 

173(17,3) 

162(15,2) 

140(14,0) 

210(21,0) 

205(20,5) 

t 199(19.9) 

180(18,0) 

160(16.0) 

(3HG12) 

X15H35BKT 

210(21,0) 

192(19,2) 

180(18.0) 

145(14,5) 

120(12,0) 

(3M612k) 

• | 

X15II25B4T 

(3ni64) 

XI5H35BMT 

680 

204(20,4) 

196(19,6) 

185(18.5) 

143(14,3) 

120(12,0) 

172(17,2) 

150(15,0) 

134(13,4) 

108(10,8) 

100(10,0) 

(3H692) 

X15H35BT 

168(16,8) 

150(15,0) 

126(12.6) 

110(11,0) 

100(10,0) 

(3H6I2) 

X15H35BKT 

190(19,0) 

160(16,0) 

145(14,5) 

115(11,5) 

90(9.0) 

(3M612k) 

Key:  (1).  steel.  (2).  Temperature,  °c.  (.»)  . ?l/t«  (kg/«B»)  »,  for 
time,  h. 

FOOTNOTE  » . *o=250  (25  kj/BB*).  ENDPCCT NCI E. 
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However,  if  we  judge  the  effectiveness  of  tie  specific  cell/ele»ent 
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according  to  its  minimui  ccrteat  in  steel,  fchich  ensures  obtaining 
the  level  of  the  remaining  stresses  indicated,  then  most  effective 
are  proved  to  be  niobiui  and  vanadium,  it  is  sufficient  a total  of 
C.  5o/o  (at.)  of  each  of  thei  for  achievement  « 2OO0=80 2 (8 
kg/mm2),  and  tungsten  fcr  this  it  is  necessary  to  1.25o/o  (at.), 
molybdenum  ~1o/o  (at.). 


It  should  be  noted  that  for  tie  stabilization  of 
chrc-ma-containing  austenite  wnich,  as  is  known,  is  less  stable,  than 
chrome-nickel  [ 167,  168  ],  in  all  the  experimental  meltings,  used  for 
obtaining  the  dependences  in  Fig.  77,  was  introduced  ~0. 2o/o  N . In 
the  absence  of  the  latter  with  the  relatively  high  content  of  the 
cell/elements  indicated  as  a result  or  tneir  ferrite-forming  action, 
the  structure  of  a series  of  meltings  became  two-phase  (aiy)  and  the 
negative  effect  of  ferrite  component  distorted  the  effect  of  the 
chemical  composition. 

In  accordance  with  the  data  presented  cn  the  effect  of  alloying 
practical  application/use  under  conditions  cf  stress  relaxation  at 
elevated  temperatures  obtained  chre  me-mangacese  steel,  additionally 
alloyed  by  vanadium,  the  exemplary/approximate  composition: 

C.2-0. 3o/o  C,  to  lo/o  Si,  12-15o/o  C r,  1o-2Co/c  Hn,  0.5-0. 8o/o  V. 
Their  relaxation  life  with  550-600°C  is  characterized  by  values  oT , 
given  in  Table  30.  As  can  be  seen  from  tnese  data,  at  550°c 
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chroae-aanganese-Tanadiua  steel  has  very  high  relaxation  life;  during 
2000  h it  retains  75o/o  frca  a0. 


K0  ks 
Codeo*anut  MtoDyauu’  -raS 

Pig.  77.  Effect  of  the  alloying  cel 1/el^ae n t s cn  the  relaxation 
resistance  of  chroae-aa nganese  steel  of  the  type  2Kh12G12  at  600°C, 
•*=120  foN/a2  (12  kg/ma2 ) , r=2000  h. 

Key:  (1).  MN/a2.  (2).  kc/aa2.  (3).  (at.).  (4).  (throughout  aass)  . 

(5).  Content  alloying  ol  ce  11/eleaents. 
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Table  30.  Relaxation  resistance  of  chr o-^a-ccntaining  and 


chroae-nickel-manganese  austenitic  steels. 


Mapwa  m tun  CTajiM 

Tenne- 

paTypa. 

°C 

m 

(^l)  Of  , Mh/m*  (xr/Jut’),  st  spent,  « 

0) 

H cxoAHan  TepMiweci tin 
o6pa6oTKa 

AX) 

1 

1000 

' 2000 

3XI4I'20<1> 

(3U729) 

550 

550 

150(15) 

200(20) 

— 

■ — 9 

s 

110(11,0) 

145(14,5) 

(.4) 

3aKaJiKa  c 1150°C  + 
omycK  npH  600°  C,  50  <t 

2X15ri6<I) 

(3H729A) 

600 

600 

120(12) 

150(15) 

81(8,1) 

98(9,8) 

72(7,2) 

90(9,0) 

70(7,0) 

82(8,2) 

65(6,5) 

77(7.7) 

3axaJ)xa  c 1150°C  + 

+ omycK  np«  700°  C,  5 1 

3XI5ri6<D 

600 

120(12) 

90(9,0) 

84(8,4) 

76(7,6) 

60(6,0) 

0)  To  xce 

! i 

■ 1 

2XI3H4P9 

(3HI00) 

600 

600 

600 

100(10) 

120(12) 

150(15) 

57(5,7) 

66(6,6) 

81(8,1) 

47(4,7) 

54(5.4) 

66(6,6) 

40(4,0) 

47(4,7) 

58(5,8) 

33(3,3) 

37(3,7) 

45(4,5) 

3axaaxa  c 1150°C  + 

+ oTnycx  npa  700°  C,  5 * 

4XI2H8I8McDB 

(311481) 

600 

600 

600 

100(10) 

120(12) 

180(18) 

73(7.3) 

96(9,6) 

137(13,7) 

70(7,0) 

75(7,5) 

124(12.4) 

64(6,4) 

69(6.9) 

59(5,9) 

63(6,3) 

3axa^xa  c II50°C  + 
-)-omycx  npH  710°  C. 

5 h + 860 °C,  5 h 

Key:  (1).  cark/brand  and  type  cf  steel.  (2).  Teaperature,  °C.  (3). 

UN/®2  (kg/am2).  (4).  BN/a2  (kg/»a2),  iot  tine,  h.  (5).  Initial  heat 
treataent.  (6).  Quenchirg  aith  115C°c  ♦ teapering  at.  V - hj , 

(7)  . The  same. 
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kt  60 0°C  process  of  stress  relaxation  procetds  aore  intensely  and  in 
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the  same  period  is  retained  a little  uore  than  50o/o  fro*  «0. 

Chroa e-nickel- manganese  steels  difrer  frci  chro-aa-containing 
ones  in  terms  of  mere  stable  (nut  lore  neat-resistant)  solid 
solution.  And  in  the  case  Fe-Cr-Ni-Mn  or  oasis  high  relaxation  life 
is  created  by  additional  alloying,  wnrcu  is  ccnfiraed  by  the 
comparison  of  data  for  steels  2Kh13N4G9  and  4Rh  12N8G8NFB.  If  at 
2Kh13N4G9  for  2000  h with  6C0°C  it  was  Kept  only  by  ~3o/o  from  a0 , 
then  additionally  alloy  by  molybdenum,  vaqaciu*  and  niobium  steel  of 
4Kh  12N8G8M FB  under  the  saie  conditions  retains  >50o/o  from  w0.  It  is 
characteristic  that  for  reinforced  by  the  ecumerated  cell/elements 
steels  on  Cr-Hn  and  Cr-Ei-nn  bases  tne  revel  of  the  remaining 
stresses  (at  600°C)  is  approximately  identical  (Table  30). 

From  the  comparison  of  the  data  of  Yables3C  and  28,  it  follows 
that  chro- ma-conta ining  and  chtcae-nrckei- mangatese  austenitic  steels 
on  relaxation  resistance  in  a series  or  cases  are  not  inferior  to 
chrome-nickel  (with  cartide  strengthening).  Tbcs,  advanced  even  in 
the  thirties  position  [144,  168,  1 6 9 j tnat  chrc-ma-ccnta  ioing 
austenite  on  heat  resistance  is  egivalent  chrome-nickel,  is  confirmed 
under  conditions  of  stress  relaxation. 

However,  the  possibilities  of  additional  strengthening  of 
chro-aa-co ntaining  austenite  via  alloying  mith  tungsten,  molybdenum. 
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vanadium,  niobium  are  strcrgly  limited  uue  to  its  insufficient 
stability  as  a result  of  which  in  steel  easily  are  formed  the 
two-phase  structures  y + a,  y«»,  which  lead  tc  a reduction  in  the 
relaxation  resistance. 


The  practical  application/use  or  cnro-aa-ccntaining  and 
chrome-nickel-manganese  steels  as  fastening  material  is  limited  to 
the  which  is  inherent  ir  them  tendency  toward  embrittlement  in  the 
process  of  high-temperature  service,  ana  also  tc  sensitivity  to 
stress  concentration. 

4.  Complex -alloyed  allojs  cc  basis  Ni-Ci. 

The  study  of  the  effect  of  the  alloying  cell/elements  on  the 
relaxation  resistance  of  nickel-chromium  alleys  on  the  base  of  solid 
solutions  was  carried  out  by  one  cf  autuor  together  with  ¥.  Z. 
Tseytlin,  by  Yu.  V.  Latjsfcev  and  by  G.  G.  Mcrczcva  [22,  p 124], 
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Fig.  78.  Creep  strength  (tiie  to  rcpture)  at  7qo°C  and  relaxation 
resistance  (®t)  of  alleys  cr  basis  Ni*15o/o  Cr  depending  on  the 
additional  alloying:  1 - •=150/^M/»z  (1b  kg/.«2)  ; 2 - 200(20);  3 - 
6000  h with  650°C;  4 - 1500  h with  700°L. 


Key:  (1).  Time  to  rupture,  h.  (2).  Mi/a*.  (3).  kg/«m*. 
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Fe,  % Hb,  X 

Fig.  79.  The  effect  of  ricbiua  and  iron  on  relaxation  resistance 
(°t  ) of  alloys  Ni*15o/o  Cr*fo/o  M witu  «0=  1 50  MV“2  (15  kg/ma*):  1 - 
2000  h with  650 °C;  2 - fCOO  h with  650°C;  3 - 1500  h with  700°C. 

Key:  (1).  MN/a*.  (2).  kc/is*. 

Fage  229. 

On  of  Fig.  78,  are  skoun  the  effect  of  tungsten,  aolybdenum  and 
cobalt.  Tne  introductior  of  these  ceil/ele went s to  lOo/o  to  Ni-Cr 
alloy  with  oinimua  (0.02-0.C3)  carton  content  (with  which  it  is 
retained  the  structure  cf  ucifora  solid  solution)  exerts  on 
relaxation  resistance  positive  action,  out  cot  so/such  considerable 
as  to  service  life  under  conditions  of  creep. 


- - 

.i  _ _ 
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The  effect  of  niobium  is  more  substantially  (Fig.  79).  However, 
cne  should  consider  that  the  single-phase  structure  of  solid  solution 
with  alloying  with  niobium  is  retained  approximately  only  to  3o/o  Nb. 
Its  larger  content  leads  tc  the  heterogeaizaticr  of  structure  as  a 
result  of  forming  the  ir ter metallide  Nr3Nb.  The  critical  solubility 
of  this  phase  in  the  birary  alloy  Ki-Cr  composes  4.3o/o  (at  700°C) 
[170],  In  this  case  in  connection  with  toe  additional  alloying  of 
alloy  with  tungsten  and  molybdenum  tne  solutility  in  it  of  niobiun, 
logically,  is  decreased  and  is  within  tne  limits  by  3-4o/o. 

Because,  of  the  need  tc  establ  ish/iustall  the  permissible  content 
cf  iron  in  nickel-chromium  alloys  it  was  of  interest  to  explain  its 
effect  on  relaxation  resistance.  Figures  79  shews  the  negative  effect 
cf  this  cell/element  on  the  relaxation  properties  of  solid  solutions 
cn  basis  N i-Cr. 

The  experimental  data  presented  as  a wtcle  speak  about  the 
moderate  relaxation  life  cf  the  alloys,  which  have  the  structure  of 
the  uniform  solid  solution  Ki-Cr,  even  with  its  additional  alloying. 
Such  alloys,  apparently,  it  is  necessary  tc  alley  by  the 
cell/eleme nts,  which  do  not  only  strengtnen  solid  solution,  but  also 
forming  excess  phases,  as  this  was  shown  on  alleys  with  the  niobium 
(see  Fig.  79).  The  strengthened/ha r deneu  phases  in  alloys  of  this 
type  is  usually  intermetallide  joint,  for  example,  of  the  type 


Ni,(Ti,  Al),  conditionally  designated  as  a y'-  phase.  The 
relaticnsh ip/ratio  in  it  of  the  atoms  or  titanium  and  aluminum 
depends  on  the  relative  content  of  these  cell/elements.  Ia  the  case 


cf  the  presence  in  the  alloy  of  considerable  quantities  (^5-10o/o) 
gland  or  cobalt  a y'-  plase  can  be  describee  as  (HI,  Fe,  CO),  (Ti, 
Al)  . 


coc 
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The  a naloy  of  this  intermet jl  1 iue  *.s  tie  mentioned  above 
connection  Ni3N b.  however,  the  latter  ucircdy  whether  can  ensure  the 
prolonged  relaxation  life  of  axio/,  aince  it  is  metastable  and 
afterward  the  more  or  less  prolonged  jiiicts  of  temperatures  of 
7CC-300°C  it  transfer/ccn  verts  into  aiioiuei  modification  with  the 
rearrangement  of  crystal  lattice  from  cubic  that  face-centered  into 
rhombic,  which  leads  to  a reduction  *n  neat  resistance  r i7ii. 

Connection  Ni3(Ti,  Al)  is  more  rtou!isiny.  Introduction  to  a 
rickei-chroinium  alloy  of  type  aO-2C  jj/c  Ti  and  0.5-0.7o/o  Al, 
which  leaus  to  formation  in  its  structure  of  >•-  phase  (9-12o/o), 
considerably  increases  relaxation  resistance  with  600-650°C  ("fables 
31).  nowever,  since  the  solid  solution  st  alley  is  net  reinforced  by 
additional  alloying,  at  higher  tempe*.uture  relaxation  resistance 
considerably  descends,  in  particular  vita  high  service  lives  (Fig. 
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Eiy.  c*0.  2 hange  in  value  °t  ia  alloy  4uil77lYu  in  dependence  on  tine 
and  temper  ature  of  rela>aticn.  The  duration  of  testing,  h:  1 - 5'JO ; 2 


m2  (Kj/Jiin2):  I - 250(25);  II  - 


- 1000;  i - 3000;  4 - 5CCC 
2 CO  (20)  ; i II  - 150  (15)  . 


Key;  (1)  ity/min*.  (2). 


Fage  2 31. 

Table  31. 

Cc rti pa r i son  of  the  relaxetion  resistance  of  sene  nickel-chromium 
alleys  *.  at  b00-800°C. 


FC0TNUTS  l.  After  tempering  anu  stabilising  tempering.  ENDFOOTNOTE. 


DOC 


731 53911 


EKf  S 


| t)  Cnjtaa*J 

wsgm 

■ 

oT  . M apeUH.  1 

fit 

1000 

1 2000 

! 5000 

[ 10  00o*J 

X 2011 80 

600 

150(15) 

52(5.2) 

45(4,5) 

34(3,4) 

600 

200(20) 

61(6.1) 

55(5,6) 

— 

46(4,6) 

XH77TIO 

600 

200(20) 

161(16,1) 

158(15,8) 

148(14,8) 

128(12,8) 

(3M437A) 

650 

200(20) 

147(14.7) 

138(13,8) 

124(12,4) 

103(10,3) 

700 

200(20) 

116(11,6) 

101(10.1) 

174(17,4) 

46(4.6) 

XH70BMIOT 

650 

i 

220(22,0) 

200(20,0) 

180(18,0) 

170(17,0) 

(SH765) 

700 

■ 

175(17.5) 

160(16,0) 

140(14,0) 

120(12,0) 

750 

U»OW0,2 

120(12,0) 

106(10,6) 

— 

32(3,2) 

800 

■ 

72(7.2) 

— 

— 

— 

XH65BMTIO 

750 

°.5o0  2 

173(17,3) 

164(16,4) 

146(14,6) 

135(13,5) 

(JMOW  | 

800 

0 , 5a0 2 

120(12,0) 

110(11,0) 

70(7,0) 

50(5,0) 

XH67BMT10 

800 

80(8,0) 

__ 

_ 

_ 

(3n202) 

850 

0,7aOJ 

92(9,2) 

— 

— 

— 

850 

0#7d(j^2 

52(5,2) 

— 

— 

— 

01  riocTte  aaKa^Kit  it  cia6HjiH3MpyH>uiero  ornycxa 

02  XMMHqecKMft  cocTaB  CM.  TOCT  5032—61. 

•*  3KCTpano7tHpoBa>iHbie  jnaqeHHH. 


Key:  ( 1)  . Alloy  2. 


FCCINJT2  2.  The  chemical  ccupusiticn  i>e=  Cost  5632-61. 

(2) .  Temperature,  °C. 

(3) .  Mtf/a2  (kg/mm2)  . (4).  cK/m2  (Kg/kai2),  fcr  time,  h. 


ENDFOOTNOTE . 


(5)  3. 


F C CTX'uT  3 3.  Extrapolated  values. 
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In  this  case,  the  effect  cf  time  factor  is  reinforced  with  an 
increase  in  tne  temperature,  which  ia  evident  from  the  disagreement 
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c t curves  <h  — t in  region  cf  o5C-7Co°c  (F  i$.  80).  As  a result  with 

700°C/  after  3000-5000  h it  is  alreauy  retained  cnly  30-40o/o  of 
initial  stress. 

For  an  increase  in  the  effectiveness  cl  the 
strengthen  ed/harde  ned  acticr  or  excess  ^liases  and  creation  of 
prolonged  relaxation  life  with  70G-8ou°c,  it  is  necessary,  as  already 
mentioned,  tc  simultaneously  alloy  soiia  scluticn  by  tungsten, 
molybdenum,  cobalt.  In  this  case,  the  content  cf  excess  phases  in 
alley  for  providing  for  structural  stan^iity  and  prolonged  plasticity 
irust  ne  within  limits  2Cc/o.  Tue  iscwor^ai  sa  cf  their  crystal  lattice 
with  the  lattice  of  solid  scluticn  aiso  contritutes  to  the  stability 
cf  heat-resistant  properties. 

Such  principles  of  allcym  j answer,  in  particular,  the  alloys 
KhN67VHTlu,  KiiN70VMTYu,  KhN70VMm,  luJwiiniu,  relating  to  the 
six-eem gonent  system  K i-Cr- V-flc-Ti- Ai.  not  is  pause  on  the  last  two 
in  more  detail,  since  their  comparison  aax.es  it  possible  to  explain 
the  cnaracter  ol  the  additional  affect  or  Ccrtide  phases.  The  alloys 
f<hN70VMYui  and  KhN6  5VMT  Y u by  the  chemical  c c mp  c sition  are 
distinguished  u y the  cortent  or  turjacen  (5  and  lOo/c)  and  of  carbon, 
and  aiso  o y the  re latio r shi p/r atio  ot  titanium  and  aluminum.  In  the 
first  alloy  l atio/  relat  icn  Al:Ii=1.5,  m second  one-to-one,  total 
content  or  both  of  cell/elements  virtually  is  equal  (3-3.5o/o)  . The 


* 


higher  carbon  content  ir  the  alloy  KuU 7u 7 M Y uT  (to  O.I60/0)  causes 
fcraiati.cn  together  with  the  inr.ormetuii.Lje  (.base  Ni3(Ti,  Al)  also  of 
a noticeaule  quantity  of  carbide  and  car 00 nitride  phases.  In  the 
alloy  KhNb5MTYu  the  basic  stren gthe reu/ua rdened  phase  is 
intermetal  lide  Ni3  (Tif  Al);  tne  cccteut  of  cartcnitride  and  boride 
phases  is  very  small. 

The  advantage  of  tie  alloy  KhN6o7iUYu  cn  relaxation  resistance 
with  750-o00°C/  in  particular  with  prolonged  service  lives,  is 
cbvious  ft  cm  the  data  Table  31  [ 17x  g.  The  ncted  above  special 
f eatur  e/peculiarit  ies  of  phase  chenicax  composition  cf  both  of  alloys 
confirm  tuat  the  "irixed*’  (c  arniae- inter  aietallic  compound) 
strengthening  of  n ickel-chrcmi um  alleys  itself  coes  not  justify. 


| c .. 
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Table  32.  Relative  inc  idence/urop  in  tne  creep 
relaxation  resistance  of  heat-resistant  alleys 
temperatures  of  750-900°C. 


strength  and 
in  the  range  of 


( Crum 

l V 

' Tcwicpa- 
ryp*.  *C 

cofiporaMemie 

nonsy^eem 



OraocirTejibHoe 

HanpflxcHHe 

pexiKcanHH 

XH70BMHDT 

750 

i 

i 

(3H765) 

800 

0,65 

0.51 

850 

— 

0.23 

XH67BMTIO 

750 

1 

(3n202) 

800 

0,68 

850 

0,44 

900 

0,24 

XH65BMTK3 

750 

1 

(3H893) 

800 

0,65 

850 

0,46 

900 

0,26 

i 

XH70BMTIO 

750 

i 

(3H617) 

800 

0,73 

0.66 

850 

0,5* 

900 

(0,30)* 

0,10 

XH62BMKFO 

750 

1 

1 

(3H867) 

800 

0,74 

0,50 

850 

0,50 

0,25 

900 

0,32 

— 

• 3 * 500  «.  (*>7 


Key:  (1).  Alloy.  (2).  Temperature,  °c.  i3)  . Relative  creep  strength. 

(4).  Relative  stress  of  relaxation,  ^oj  . After  500  h. 
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for  the  aidjocity  of  alloys  on  Dicnai-  c trcm ium  basis  in  interval 
cf  80u-c50°C  characteristically  relaxation  softening  which 
cccur/ flow/lasts  more  intensely  than  ^Oxtening  under  conditions  of 
creep.  Even  in  the  complex-alloyed  dxxOjS  already  after  100-120  h 
with  850°E  it  is  retained  3C-4Jo/o  oi  ua  value  of  initial  stress, 
and  alter  500  h - a total  of  20-25c/o  1.1/3], 


if  we  accept  the  values  an  and  at  at  750°C  (after  1000  h)  for 
1,  then  relative  stress-rupture  strength  with  850°c  the  mentioned 
heat-resistant  nickel  alloys  it  will  comprise  -0.5;  relative 
resistance  of  relaxatior  it  oscillates  within  limits  by  0.22-0.38 
liable*  3x ) . For  900°C  ve  have  with  resrect  to  C. 3-0.35  and  ~0.1o/o 
(alloy  aio  17)  [ 173  ]. 
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lnus,  witn  an  increase  in  the  temperature  "disproportion"  between 
resistance  of  the  alloy  cf  creep  and  relaxation  it  increases  (Fig. 

e i ) . 

at  suculd  be  noted  that  tin*  whieu  is  inherent  in  nickel-chromium 
alloys  relaxation  sottering  in  interval  jr  fcCC-650°C  cannot  be 
avoided  by  heat  treatment. 
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5.  Nonferrcus  metals  anc  their  alleys. 


The-  j reat  variety  cf  the  ^r  oce  dur  of  test  and  evaluation 
criteria  t he  relaxation  resistances  or  uonferreus  metals  and  their 
alloys  extremely  impedes  the  comparison  of  data  on  separate  alloys. 
Therercre  will  be  here  rcted  only  tasie  tendencies  on  the  effect  of 
alloying  on  relaxation  stability  of  cue  separate  groups  of  the  alloys 
cf  nonferrous  metals. 
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Fig*  d 1 . A change  in  the  creep  atren3t u and  relaxation  of  typical 
nickel-chromium  alleys  ir  dependence  on  tne  temperature:  1 - an 
after  1GJJ  h:  2 -patter  1C0C  h i«n  ana  ox  at  750°C  they  are 

accepted  as  lOOo/o) . 

Key:  (1j.  Temperature,  cC. 

E a g e 2 35. 

The  distortions  of  crystal  lattice  of  netal  as  a result  of  the 
dissolution  of  the  atoms  of  tne  alloyrug  ceil/elements  contribute  to 
an  increase  in  resistance  cf  relaxation  (arc  cf  creep)  . In  some  cases 
fcL  this  of  sufficient  lundredtn  and  even  tfousanths  added 
cell/elema nt  (micr oallo yi ng ) , an  others  - several  percentages  more. 


Specir ic ai 1 y , with  strengthening  because  of  the  chemical  distortion 
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cf  crystal  lattice,  is  connected  tie  Known  fact  that  some  technical 
metals  exert  larger  resistarce  of  stuso  relaxation,  than  chemically 
pure,  Ihus,  ior  instance,  is  matter  mtu  technical  and  pure  aluminum, 
which  contains  99.0  and  91.99  o/o  A1  ..  esrae  1 1 ve  1 y . As  another  example 
cr  miercai loying  can  serve  the  nit  toauction  of  tie  micro-doses  of 
bismuth  to  ccpper,  wnich  noticeably  ..ncreases  its  resistivity  of 
stress  relaxation. 


further  the  low  relaxation  life  or  row-melting  metal  can  be 
noticed  sly  raised  by  mac  i c-all  oy  i ac . i uc  intensity  of  relaxation  of 
stresses  (at  room  temperature)  in  tin  uacinj  introduction  to  it  5o/o 
Bi  or  5o/o  SL  is  decreased  two  times,  uuring  introduction  to  3.5o/o 
Ag  - to  four,  and  5o/o  Cd  - six  tinea,  neac  analogously  affect 
nagnesium,  calcium  and  tin;  zinc  - arum^aun  and  copper. 

The  relaxation  resistarce  of  ccaiaeLCiai  titanium  in  the  range  of 
temperatures  ox  20-500°C  is  sunst ar.txarry  increased  via  its  alloying 
with  aluminum,  cnrcmium  fcy  molybdenum. 

The  effectiveness  cf  tie  alloying  or  arunirum  with  copper,  to 
copper  b/  the  nickel  also  of  nucxel  u/  aluninum,  chromium,  cobalt  and 
iren  was  shown  in  Chapter  I (Fig.  5). 

nigat  alloys.  Stress  relaxation  in  tne  alleys  ATsH  and  Art  on 
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aluminum  basis  is  studied  by  D.  I.  Eayxov  [174],  The  chemical 
composition  and  the  value  <Jo,2.  A»)h/m  2 png/mra2):  AIsM:  5.  Oo/o  Zn , 1.8o/o 
t*g , On2  =3  62  (3  b.  2);  AM:  5.  £o/o  M g , 00,2=  187  ( 1 t . 7)  . 

Page  23o. 


Primary  the  curves  cf  the  relaxation  cl  alley  AM  with  vo=180 
^Jh/rn2  (18  kj/mm2)  and  temperatures  from  14C  tc  200°C  are  given  to 
Fig.  o2.  Characteristic  is  a snarp  sutji  drop  ir.  the  first,  hour  of 
test  at  1oO°C  and  in  particular  at  2bu°~.  Subsequently  the  intensity 
cf  the  process  of  relaxaticn  is  decrease!. 

Analogous  form  take  primary  curves,  also,  for  t he  age-hardening 
alley  ATSil  , for  which  tie  initial  £ t-i.  b Sii  was  twe  times  higher  (in 
accoruaucd  with  higher  yielc  pcint).  nituough  the  absolute  values  of 
the  remaining  stress  for  alloy  AIsM  are  considerably  higher,  but  if 
ox  express  in  fractions  cf  yield  pcxut  00,2,  that  the  difference  in 
kinetics  of  voltage  drops  in  octn  cf  aiijys  will  come  to  minimum. 

Aluminum  alloy  with  silicon  (cf  t/^e  silunin  ) has  that  special 
featute/pe culiarity , that  relaxaticn  or  initial  stress  at  temperature 
cf  -7  0 °C  occur/f low/las t s mere  internal,  than  at  +20°C.  This  confirms 
the  correctness  of  the  temperature  dutelta3nce  cf  the  relaxation, 
given  tc  fig.  39. 


L 


L 


['. i ) 0pe*ff,v 


fry-  o2.  Primary  the  curves  o£  relaxation  Al-r,q  of  alloys  at 
difrerent  temperatures,  °C  [17a]:  1 - Uj;  t - 160;  3 - 180;  4 - 200. 

Key:  (1).  jlL'/m2.  (2).  kc/mro2.  (3).  l.i»e,  4. 

Faye  iJ7. 

Jiuos  and  Hudson  [ 175]  published  data  cn  short-term  stress 
relaxation  in  alloy  on  the  naynesium  oaois  fayncx-AL-80  (O.80/0  Al, 
C.C04o/o  de)  at  temperatures  from  10o  to  45t°C.  Unfortunately,  due  to 
essential  difference  in  the  procedures  or  their  tests  it  cannot  be 
compared  with  the  yiven  atcve  results  tor  alunirum  alloys. 

Titanium  and  its  alley.  The  relaxation  resistance  of  alloys  on 
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the  bddis  of  titanium  meet  systematic  (over  a vide  range  of  stresses, 
time  and  temperatures)  is  studied  in  i'sm'I  fcy  L.  P.  Nikitina  [9,  42]. 
Ey  the  author  are  const  iucted  dependences  Aa=f(a  0/00,2).  The  examples 

ct  this  dependence  {proving  to  re  rectilinear)  for  the  alloy  AT3  at 
temperatures  20  and  350-55C°C  are  given  to  fig.  83. 
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fig.  dl.  I he  voltage  drcf  ir  dependence  on  lati c/relation 


different  temperatures  in  titanium  aiioj  All  [ 4 2 ].  The  relaxation 


time,  h:  1 - 1;  2 - 10;  3 - 100;  4 - loud. 


Key:  (1).  MN/m2.  (2)  kg/irm2. 


Eage  23d. 


it  turned  out  that  at  ;50°C  value  a a fcr  oo/oo.j  0.6  is  less 


than  at  2o °C.  In  other  tccds,  tne  intensity  cf  the  process  of 


relaxation  of  stresses  kith  35J°C  is  aecceased  in  comparison  with 


rccm  temperature.  This  does  not  conti.au.:t  tfe  advanced  concept  about 
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the  ncnreo  tilinear  character  or  3epeuaei.ee  ro-T  in  temperature  range 
to  0.25  Taa  (see  Chapter  IV). 

On  r'xg.  63,  are  determined  the  cjiuit  ic na  1 (technical)  limits  of 
relaxation  or  tor  the  alloys,  used  rn  industry. 

The  led  ir.to  fable  33  values  ar  .j±ve  the  representation  of  the 
effect  of  alloying  on  tie  relaxation  resistance  of  titanium  alloys, 
and  also  on  the  temperature  or  their  relaxation  softening.  If  at  room 
temperature  the  limits  c£  relaxaticn  or  noth  cf  alloys  are  identical, 
the  same  at  J50°C  for  alloy  Via  value  or  is  two  times  higher  than  in 
alloy  AT 3.  This  testifies  tc  tne  pcs^t^ve  eifect  of  molybdenum  on  the 
thermal  stability  of  titanium  alloys  unuec  conditions  of  stress 
relaxation  ana,  besides  tegas,  once  jtore  ccrfirms  the  inadeguacy  of 
characterist ic  value  of  tie  re  lax  it  ion  or  alleys  with  20°C  for 
judgment  about  their  relaxation  life  at  elevated  temperatures.  Alloy 
AT  3 as  another  titanium  alleys  with  two-pnase  structure  (a+0),  can  be 
coijsiuorea  relaxation-resistant  under  conditions  of  prolonged  service 
(by  calculated  hundred  and  by  tnousanu  or  hours)  to  temperature  of 
400-4  o0°C. 
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Table  13.  Conditional  Units  of  the  teraxaticn  of  titanium  alloys. 


. X 

“T"»7 

f 

( 0 Cruui  . 

Teim«p*ryp», 

ar.  MH/u\nr /mm') 

AT3(1.5%Ah  2,5%Q) 

20 

375(37,5) 

350 

90(9,0) 

450 

80(8,0) 

--  • 

550 

20(2,0) 

BT8  (6% Ah  3,5%Mo) 

20 

375(37,5) 

350 

185(18,5) 

500 

65(6,5) 

Key:  (1).  Alloy.  (2).  Tenperature,  °^..  i 3)  . MN/n2(kg/mm?). 

Eage  Z39. 


in  tn  e work  by  G.  I.  Arkover.kc  et  ai.  [176]  was  investigated  the 

\JT  ^ 

effect  on  the  relaxatior  resistance  or  tue  alleys  of  1 ancles 

VT-14  or  technological  factors.  In  puttrcular,  it  is  shown,  that  the 
ap plicatio n/use  of  optinum  conditic  nu/iaoi  es  of  hot  deformation,  which 
increase  the  plasticity  cf  titaniun  aiio/s,  simultaneously  increases 
resistance  of  stress  relaxation,  and  vr^a  versa.  By  endurance  tests 
(to  1000  it ) it  is  estab  1 ish/instal leu,  mat  an  increase  in  operating 
temperature  from  20  to  10C°C  virtually  uoes  net  affect  the  relaxation 
resistance  of  alloy  VT3-1,  tut  in  alloy  VT-14,  it  somewhat  is 
re  duced . 


copper  and  copper  alloy.  Techricai  copper  cf  the  different 
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sur race  finish  value  served  as  the  object  of  the  study  of  its 
relaxation  properties  at  icon,  the  increasec  and  reduced  (lower  than 
C°C)  temperatures.  It  is  possible  to  note  the  investigations  of  fl.  fj. 
Fcvinsxiy  [6],  I'elteui  [SB].  Tnc  constructed  according  to  the 
experimental  data  of  Bojd  for  oxygen-riee  copper  of  high 
purity/finish  dependence  o-t  =f(o0)  tiovai  to  he  rectilinear  at 
temperatures  of  20-270°C,  hot  already  at  3CC°C  (^0.4  straightness 

is  disturbed  [65]. 

The  unique  in  duration  tests  (5 u Ouj  h)  cf  technical  copper 
(9 8o/o  Cuj  at  the  Loom  temperature  wctfc  carried  out  in  TsNIITPJASh  by 
1.  i.  Volxovoy  [70].  Initial  stress  composed  from  0.25  to  0.42  00,2- 
Frcm  curves  a-r  (Fig.  84)  it  is  evident  that  stress  relaxation  in 
copper  with  20°C  occurs  not  only  in  tne  rirst,  tut  also  in  the  second 
relaxation  time. 
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Eig.  <34.  Prolonged  rela>aticn  of  s t ci  commercially  pure  copper 
at  room  temperature  [70;  o0#^/™2  (As/mm2);  1 - 30(3);  2 - 40(4);  3 

- 50(b). 


Key;  (1).  MN/m2.  (2)  ky,mii2.  (3).  lieu,  a. 


Eaye  x40. 


however,  the  stress  drop  extremely  Ixtt^a  ccmprises  for  the  values  o0 
a total  or  5. 5-8. 5 cf  $pl/a2  (0.55-C.ob  n.jt/am2}  accepted  after  50  000 

h. 


rtom  the  basic  groups  cf  copper  arrays,  a great  number  of  data 
cn  relaxation  resistance  is  for  be t yriiam  kicnze.  This  is  explained 
by  its  relatively  high  clastic  properties,  which  make  it  possible  to 
use  extensively  a material  indicated  i.u<.  manufacturing  all  possible 
springs,  that  work  at  rccn  and  moderator/  increased  (to  150°C) 
temperatures. 
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Figures  85  gives  data  cn  tae  ftcironged  relaxation  life  (to  3 OjOOO 
V»)  j!  beryllium  bronze  cf  tnree  srauiarc  mark/brands  after 
different.  heat  treatment  (at  rccir  teiu^untue)  [142],  Best  resistance 
cf  relaxation  show  bronze  1 . Br.BNT  and  dr.  12.5. 


FCCTNUTii  ».  On  COST  493-54.  EN  DECC  T N01  r. 


Consid  8 L aoly  weaker  is  Br.E2,  wnich  in  particular  is  noticeable  with 
ircic  prolonged  service  Jives. 
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Fig.  o5.  Prolonged  relaxation  or  stress  with  20°C  for  beryllium 
trcnze  of  the  mark/brands  Er.dNf  (1),  uL.ti2.5  (2)  and  Br.B2  (3)  after 

d 

the  heat  treatment:  a - tenpenng  so  on  J0C°4#  4 h;  b - 320°C,  2 h;  c 
- 350°C,  1 h [142]. 

Key:  (1).  MN/ra2.  (2)  kg/nir2.  (j).  H^e  of  tostiny  r. 

Page  z 4 1 . 

ihe  relaxation  resistance  of  alus-r^uia  trenze  Br./^7  at  the  room 
temperature  is  lower  than  beryiiiuD  one  and  stannic  phosphide  [177,  p 
44  ].  with  an  increase  ir  the  temperature  tc  150-200°C,  beryllium 
itenze  retains  its  advantage,  and  stannic  phosphide  is  somewhat 
inferior  to  aluminum  on  relaxation  resistance. 
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Data  cn  relaxation  resistance  (ait=t  3C0  h)  at  the  elevated 
temperat  ur  es  of  standard  copper  allc^,  and  alsc  some  alloys  to  the 
tasis  cf  nickel  are  given  into  Tanle  3 4 [142],  And  here  beryllium 

bronze,  in  particular  brand  Bc.BNT-1.,9,  ua£  obvious  advantage  at 
temperatures  to  250°C  alove  stannic  ^no^paice  ard  si licoma ngan ic 
t rente.  So,  in  bronze  BK1-1.9  thcougu  dud  h faith  200°C  it  is  retained 
an  additional  70o/c  of  initial  stress,  a ue  stress-rupture  strength  of 
beryllium  bronze  with  2C0°C  also  is  aur.iciirtly  high  [178], 
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Idble  34.  Comparison  ot  the  feidxatiui,  resistance 
the  basis  of  copper  and  nickel  1 . (on  data  E.  I 


of  some  alloys  on 
Mishkevich  [ 142  ])  . 


fi) 


»»  300  « (%  k MNUiuoiiy)  npa  Twine- 

•C 


tv lapua  hjih  Tin  cn^au  | 

150 

1 200 

250 

350 

400 

^ - CnAa/jm  na 

octioae 

Medu 

A -62 

68 

40 

8 

_ 

Bp.KMu3-l 

82 

50 

25 

— ! 



Bp.0<l>6,5-1,5 

82 

50 

25 

— 





Bp.B2,5 

88 

65 

25 

— 





Bp.BHT-1,9 

84 

70 

50 

0 





.MHU15-20 

96 

90 

70 

52 

35 

15 

6%  (Ni+Co) ; 1,3%  Al 

94 

85 

75 

60 

42 

23 

( > Cn.iaebi  na 

ocnoee 

HUKeAR 

3H996(2,3%  Be) 

1 _ 

97 

1 96 

94 

1 90 

80 

2%AI.  5%Ti.  I %Nb 

99 

: 98,5 

98 

92  ! 

82 

30% Co,  2,3  %Ti,  1 ,75%  Al 

99 

l 98,5 

98 

95  j 

90 

4,5%  Re,  I % Al 

I | 

! " 

j 98,5 

98 

97,5  j 

8) 

Key:  (1).  Mark/brand  or  type  or  alley.  t2)  after  .100  h (o/o  to 
initial)  at  temperatures,  °C.  (3).  Alloys  on  basis  of  copper. 
(4).  Alloys  on  basis  of  nickel. 

FCCTNOTE  l.  <*0=150  MN/mir2  (15  npini 2>  . 


Faye  242. 

Eut  for  parts,  that  work  under  conditrous  cl  stress  relaxation, 
naximuin  operating  temperature  of  oer/u.m  trenze  is  limited  to  150°C 


[142] 
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At  30  0°C  and  above  in  ler/llium  oronze  after  the  specific 
ccndit rous/modes  of  heat  treatment  reiaxaticn  process  can 
occur/ f low /last  ancmaloisly  (negative  ui  a xatic  r)  . In  more  detail 
this  is  examined  in  Chapter  Vli  (see  n g.  1C8)  . 

i’o  a number  of  alleys  cn  the  lasts  of  ccpper,  can  he  attributed 
cupronicKel  alloys  idNTs15-2C  and  IKAo-l.o,  i.  are  more  known  as 
German  six ver  and  Cunial. 

FOOTNOTE  ».  On  GOST  492-52.  £ Nnt CC T Nui n. 

They  possess  the  best  relaxation  life  among  ccpper  alloys  at  the 
elevated  temperatures  (see  Tanxe  34),  tutaininq,  for  example,  at 
250°C  after  300  h 7C-75c/c  cf  initiax  stress. 

The  more  detailed  information  atout  the  mechanical  and 
technolc jx cal  properties  cf  copper  axxo;s  it  connection  with  their 
heat  treatment  and  desicnat  ion/pur  poat  j.s  illuminated  in  A.  G. 
Fakhshtrdt's  work  [142]. 

alloys  on  the  basis  cf  nicxel  in  comparison  with  copper  alloys 


have  considerably  hiqh  relaxation  lire  *xth  iccm  and  in  particular  at 
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elevated  t emperatures.  ‘Janie  34  give;,  ^ific  date  for  two  Soviet  and 
two  fcreLgn  alloys  of  this  type,  that  land  practical  application/use 
for  current-carrying  springs  (142]. 


Is  most  common  nickel  iter  yr  li  ura  aiijy  EI566  (2-2.5o/o  9e)  , that 
retains  9J  o/o  of  initial  stress  after  jjJ  h with  350°C  (see  Table 
34).  approximately  identical  resistance  ji  stress  relaxation  has  more 
complex  in  composition  clloy  with  5c/o  a,  <c/c  Al  and  lo/o  Nb 

-2-1)  . Optimum  operating  temperature  cr  elastic  cel  1/elements 
trera  the  alley  LI996  of  250CC  p 142].  s . O.  lsct)«alo  et  al.  [177,  p 
97]  give  *.  or  tne  alloy  indicated  higner  pernissible  temperature  of 
2C0°C.  It  should  he  noted  that  at  th^a  temperature  the  alloy 
possesses  sufficient  hich  ICO-a  st raso-rup t ire  strength  140  Ajtf/m2  (14 


kgf/miu2)  . 


I' wo  last/latter  alleys,  menticneu  ..u  table  34,  differ  little  in 
relaxation  resistance  in  the  range  or  temperatures  of  250-350°C;  only 
at  4 C 0 °C  Wi-Co  alloy  has  certaxn  advantage.  The  latter,  however,  not 
is  so/sucn  substantial  in  order  to  juat*ry  the  presence  in  alloy 
30c/o  Co  or  by  4o/o  He. 


besides  the  examined  alloys,  arc  wraely  known  nickel  fusions 
with  15-2Gc/o  C'K  (Nichccae).  As  r a laxa  txon  - res  i stan  t material  they  in 
pure  rcr.n  are  not  applied,  but  they  aerva  as  tasis  fer  the  creation 


j 

L , - — - - — — - - 
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cf  tae  more  comple x-al lc yed  alloys  wxtu  uigt  resistance  of  relaxation 
and  creep,  examined  in  p.  4 present  chapters. 

Uranus  the  processes  of  stress  tciaxaticn  in  uranium 
investigated  A.  A.  Tsvetayev,  i /.  I.  uuucurc  and  Yu.  N.  Golovanov 
[179],  Tested  uranium  oi  the  following  cneraical  composition  (o/o»10 
~3)  : 0.9  Fit  ; 1.6  Si;  1.0  Al;  2.  J N I ; u./a  o/c  Cu  ; 3.0  N ; (SO  C. 

Via  drawing  metal  vas  lengths  re.*  ts  the  diameter  of  1.3  mm  and 
subjected  to  twofold  phase  cecrystalii.2uticr.  fcr  removing  the  texture 
and  to  annealing  for  6 h with  t20°C. 

Kelaxation  tests  (vith  tend)  ca.rr.-n  cit  c r.  the  relaxation 
cscilxator  of  stresses,  in  vacuum  vitn  hu d , 45C  and  500°C  the 
stresses,  not  exceeding  the  yield  fCxnt  of  uranium  at  this 
temperature  (Fig.  86). 

An  increase  in  the  intensity  cf  stress  relaxation  for 
hardened/t empered  and  especially  deforu^u  cianicm  the  authors  explain 
ty  an  increase  in  the  decree  or  nc  re^uiirb  t iuir  cf  metal  because  of 
the  presence  in  it  of  pcint  defects. 
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50  100  150  200  250  3K 

1 1)  Spent,  nun 


Fig.  06.  short-term  stress  relaxation  xa  uranium  [179]:  a - primary 


the  carve;,  of  relaxatior  with  100°C  aa 


alec  (1),  hardened/tempered 


(2)  and  deformed  (3)  uraniun;  l - de^cnaence  lr.  A-r  at  different 


lime,  min 


Cepenuenca  In  A-r  for  tfree  temperature;,  (see  Fig,  86)  with  the 


duration  of  experiments  40  nin 


has  xiu=ar  character.  However,  the 


authors  note  that  in  the  preserce  cf  the  stresses  in  metal,  close  to 


value  vo, j,  kinetics  of  tte  process  cf  relaxation  can  te  changed 


chematic  diagram  cf  a cnan^e  j»u  tde  relative  stress  of 


relaxation  in  dependence  cn  tn 


tenpetature  fer  the  examined  in 


present  cuapter  basic  alleys  is  given  to  Fig,  67.  One  should  specify 


that  tne  diagram  is  approximated,  sLca  tae  level  of  initial 
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£tcesde.3(  satisrying  ccrditicn  oo<0,8  aT,  it  was  not  strictly 
identical,  but  the  duration  of  tests  va-ied  within  sufficiently  wide 
limits  (IdO-IOOG  h)  . 

Curing  the  elongation  cf  cue  cexaXaticr.  tine  of  point  of 
inflection,  that  correspond  to  tne  temperature  cf  the  beginning  of 
relaxation  softening,  will  te  sniftea  u the  left,  i.e.,  to  the  side 
cf  smaller  temperatures,  and  vica  versa.  Mere  f ull/t  ct  al/complete 
picture  w^uld  give  the  series  ol  siiriat  diegrairs  for  different 
relaxation  time  (for  exeajle,  1J,  50u,  10QC  h and  so  forth). 


«■**) 
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- //)  TeMnepamypa , °K 

fig*  67.  i'he  temperature  effect  on  tue  aotteninc  of  basic  industrial 
alleys  unier  conditions  cf  relaxation  puiagram)  : 1 - aluminum  alloys 
< - brasses;  3 - bronze;  4 - beryllium  nronze;  5 - cupronickel 
alleys;  6 - titanium  alleys;  7 - lew-alloyed  (pearlitic);  8 - 12o/o- 
chrome  steel;  9 - austeritic  steels;  1u  - r ick e 1-chrcm ium  alloys. 


Key:  (1).  Temperature,  CK. 


Eage  245. 


However,  the  absence  of  experimental  aura  thus  far  does  not  make  it 
possiole  tc  construct  stch  diagrams. 


if  we  by  Fig.  87  replace  tne  scare  of  absolute  temperatures  by 
congruent  ones,  then  the  width  of  thu  interval  hetveen  the  extreme 
pcints  a and  k substantially  will  to  reuucec,  i.e.,  curves  will  be 
drawn  together.  However,  the  f j 1 1/ 1 eta  jo  a p le  t e coincidence  of 
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curved  foe  different  alloys  Joed  not  jtcar. 

€.  Kerraotcry  metals  anc  alleys. 

Metal  testing  for  stress  relaxation  at  temperatures  is  higher 
than  7 0J-1  Q00°C,  of  the  cc  r r es  t c n 1 i r.a  to  the  technically  advisable 
applicatio n/use  refractcry  metals  as  l eiax atic r-resistant  material, 
are  caused  the  essential  methodological  difficulties,  which  are  even 
more  aggravated  ny  the  lew  chemical  stability  cf  molybdenum,  also,  in 
particular  niobium  with  1CCC-lotO°C.  at  is  esta tl ish/installed , that 
in  tne  process  of  endurance  tests  vita  liuCcC  and  above  in  vacuum 
eccuro  the  saturation  by  oxygen  of  mouaim,  also,  to  a lesser  degree 
cf  molybdenum,  as  a result  cf  which  tne  surface  of  the  tested 
speciuien/samples  is  oxicizec  [ ISC]. 
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Table  35.  Properties  of  mclybaenui  aiio/  lsn2A. 


w 

TemnepaTypa,  °C 

f<*> 

aT,  \tH/M'(Kr/MM: ) 

— &) — T 

(nr/MM‘  -10—' *) 

w — 

<J„.  Mk/jk* 

20 

660—720(66 — 721 

3,24* 



900 

380 — 430(38 — 43) 

2,90 

300(30) 

1000 

340-400(34-40) 

2,85 

310(31) 

Continuation  Table  35. 


35 j 

Te«nep»rypa,  °C 

<JT  , Mh/MW j'mm1),  3a  BpeM*.  « 

60 

120 

500 

20 

1 

— 



900 

177(17,7) 

174(17,4) 

167(16,7) 

1000 

171(17,1) 

158(15,8) 

135(13,5) 

1 

‘ npii  ioo°  c. 


Key:  (1).  Temperature,  cC.  |2)  . MN/ni*  (ivj/iia*).  (3).  MN/m^-lO-^ 

(kg/mm2°10  ^).  (4).  MN/m2 (kg/mm2 ) , for  time,  h. 

FOOTNOTE  1.  At  100°C.  ENDFOOTNOTE . 

Eage  ^46. 


This  partly  explains  scarcity,  tne  literary  these  on 
bi'jh-tempe  rature  relaxaticn  voltages  111  a i g 1-me  ltinq  alloys.  The 
available  data  are  related  to  tests  aur..ag  several  hours  or  even 
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minutes  [18  1].  /'in  connection  witu  uis  are  of  interest  the  given 
in  taole  o5  characteristics  ci  tne  relaxation  cf  molybdenum  alloy 
TsMx/4  (O.zOo/o  Ti;  0.15c/c  2 r ) at  90u-1j00°C  during  the  more 
prclcrged  periods  of  time.  lheie  corrected  values  of  the  yield  point 
and  module /mod ulus  of  elasticity  i.  ineoa  dcta  testify  tc  the 
sufficiently  high  prclcrced  relaxation  nfe  of  alley.  So,  after  500  h 
at  90 o °c  it  is  retained  “c/o,  anc  at  1jju°C  45c/o  of  initial  stress. 

n.  H.  Rorzdyka,  N . N.  F.crguncv  auu  V.  A.  tzhik  studied  the 
anisotropy  of  the  relaxaticr  properties  or  sheet  from  alloy  TsM 
with  9C0-1  000°C  and  stresses  o0~0,8  oT. 

Annular  s peci  mer./s  a n p les  cut  from  oneet  in  thickness  5 mm, 
moreover  the  axle/axis  cf  tie  ^ash  cr  tua  ring  |see  Fig.  2 1)  in  one 
case  it  coincided  with  direction  of  loiiinc,  in  ether  case  it  was 
perpendicular  to  the  latter,  and  ir  tne  third  it  was  inclined  at  an 
angle  45°  to  direction  cf  rcliiaj.  S^eCiOie  n/sa  m pies  with  the  inserted 
in  their  yash  wedges  placed  into  the  -juapreef  muffle  of  horizontal 
electric  rurnace,  which  was  fiiiel  wxtu  argen.  Subseguently  of 
testing,  they  carried  out  employing  tne  common  lor  annular 
specimen/samples  procedure  (see  Chapter  ill). 

Test  result  was  not  re  veal/de tecteu  the  clearly  expressed 
anisotiop>y  of  relaxaticr  properties.  LXt-arinental  points  for  the 


i.  he  investigations  cf  V . n.  Dernotcin  [ 200  ] showed  that  the 


pre-crsated  in  molybdenum  polygonal  otructtre  noticeably  increases 


the  resistivity  of  creep  and  stress  relaxation. 


Eage  247. 


Testing  tn  e mol  ybd  enum  , subjected  to  pr  ei  i roina  r i ly  thermonechanical 


treatment  under  different  conditions,  roc  stress  relaxation  was 


earned  out  at  900  and  1000cC  and  initial  stress  240  MN/m*  (24 


kg/nm*).  The  best  relaxation  lire  showea  the  s p ecimen/sa  mples. 


deformed  to  Uo/o  with  1150°C  and  then  aiineeled  for  40  h,  which  had 


the  developed  polygonal  structure.  Most  sharply  stress  falls  in  the 


specimen/s aniples,  deforoed  at  JO0  aim  11iu°C  from  the  degree  of 


reduction  5o/o 


from  ether  refractory  iietals  wao  studied  short-term  stress 


relaxation  in  niobium.  Cn  Zh.  A.  Sar.ubuc's  data  [181],  at  110C°C 


initial  stress  in  metallic  rionum  during  If  air  relaxes  with  200 


cf  50  AfJ/m 2 (from  20  tc  5 kg/D.mz),  i.e.,  to  "ife/o.  Apparently,  *0 


s pecnueu/samples,  manufactured  by  three  methods  indicated,  on  failure 
diagram  or  relaxation  - time  (fig.  8o)  are  packed  in  the  outlined 
Land  whicn  only  is  insignificantly  Wxic t then  the  common  band  of 
spread  for  annular  spec  i me n/sa a pi  as . 
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rely  on  t.ue  high-temperature  a^plicatiou/u se  of  niobium  in  pure  form 
as  relaxation-resistant  material  dceo  not  fall.  To  this  is  not 
eliminated  the  possibility  cf  using  tne  nictium  as  bases  for 
heat-resistant  and  rela jaticn-resistant  alleys. 

l).  K.  Prokoshkin  with  colleagues  t.lb.2]  investigated  the  alloys 
cf  system  Nu-Mo.  The  allcyirg  or  nicnrum  with  nclybdenum  as 
cell/element  with  highei  melting  p c int  and  with  the  larger  strength 
cf  interatomic  bonds  leads  to  the  decrease  cf  the  diffusion  mobility 
cf  system  even  at  sc  hich  a temperature  as  110CcC  ( ~0,5  7n.i)- 
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n 

v 

| 

1 1 

‘V 

rwvm 

1M 

C'*"/fflii>Jiiniiuiit:iinumu.:uun,u, 


too  200  JOO 

\ »/  Bpenn,  v 


fi>j.  <38.  £ he  curves  of  the  relaxation  or  the  aclybdenum  alloy  TsK2fl, 
testeu  in  vacuum  at  the  different  fem^et-itu res:  1 - axle/axis  of  the 
yas'n  cf  ring  coincides  lith  direction  o*.  rcllinc;  2 - at  angle  of  45° 
tc  direction  of  rolling;  3 - is  pjipcuuiuular  tc  direction  of 
telling. 

hey;  (1).  MN/m2.  (2).  Time,  h.  (3).  mg/ma2. 

Page  248. 

Ss  a result  with  an  increase  in  the  content  of  nclybdenum  in  alloy, 
the  intensity  of  the  prccesses  of  cae^  (and  cf  stress  relaxation)  is 
cecr  eased. 


This  is  evident  frem  Fig.  89,  wner a is  passed  away  a change  in 
the  logarithm  of  creep  rate  s at  temperature  cf  1100°C  and  with 
different  stresses  in  dependence  on  n»e  content  of  molybdenum. 
Already  5-10o/o  So  give  krewr  effect,  out  ar.  especially  sharp 
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deci-iase  in  the  velocity  c t creep  is  ooaervtd  with  20o/o  1o.  On  the 
tasis  presented  in  Chapters  I end  II  xt  xs  feasible  tc  assume  that  the 
effect  of  nclybdenum  will  be  analogous  and  in  tfce  ratio/relation  to 
the  rate  of  relaxation. 


On  tae  same  of  Fig.  39,  snc*s  t^e  increase  cf  energy,  activation 
fcith  an  increase  in  the  content,  cf  irox  t lJ  e r cm . 


Mo.  % 


Fig.  39.  affect  of  the  content  of  ncxj  bumuu  in  Nb-Mo  alloy  on  creep 
rate  *it'n  1100°C  (1-3)  and  energy  cf  actxvaticn  (4)  [182].  The 
stresses  of  creep,  M N/i?  (kg/u.ai*)  : 1 - xJO  (<0)  ; 2 - 160(16)  ; 3 - 

(120(12)  . 


Chapter  VII 


RELAXATION  RESISTANCE  01  ALLOYS  IN  CuAtti.  JT  IC  N i*  ITH  THEIR  STRUCTURE 
AND  dii  AT  TREATMENT. 

Ihe  relaxation  resistarce  ot  aliu/^  defends  not  only  on  the 
chemical  composition,  bit  also  cn  their  itnctae. 

| Eagez4'J. 

It  is  possible  to  note  ccmmcn/gonerai/tuta 1 cnes  for  all  types  of  the 
alleys  of  special  f ea t u r e/ pecu i iar i t, , structural  state  which 
(directly  or  indirectly)  aflect  the  ^rocass  cf  stress  relaxation  at 
ccirmcn  and  elevated  temperatures.  Ar<_  tms  involved:  the  size  of  the 
grain  of  solid  solution,  its  stability,  quantity  and  sizes  of  the 
particles  of  the  excess  phases,  their  reciprocal  location  and 
interaction.  The  enumerated  structure  tactcis  are  regulated  by  heat 
treatment. 


At  tne  same  time  ore  should  c cnaiuat  that  the  prolonged  stay  of 
alley  at  elevated  tempe  ratures  can  sul.  stu  n t iall  y change  the  initial 
structural  state,  created  by  ucat  treatment. 
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1.  Microstructure  and  relaxation  resistance. 

Positive  effect  on  the  relaxation  resistance  of  alleys  have  all 
factors,  which  increase  resistance  to  softening,  retarding  of  return 
and  wnicu  facilitate  braking  infusion  processes,  and  also  created 
stacle  obstructions  for  movement  of  arsiacaticr.  As  such  obstructions 
can  serve  the  phases  of  is  c lat  ic n/ 1 ioe rat  i c r in  coherent  state  and  in 
the  ierm  of  highly  dispersed  particles,  overly  distributed  by  volume 
grains  of  metal.  The  forir  cf  tie  £ ra~ txou/ per t i c les  cf  the  phases  of 
isolation/ liberation  must  be  such  that  tneir  coagulation  at  operating 
temperature  would  occur/ i lc w/iast  no^u  siowly.  Therefore  it  is 
important  so  that  their  s ize/diaens ions  would  be  more  identical,  what 
tc  more  easily  achieve  kith  the  average  particle  sizes  of  the 
releasing  phases.  The  arrangement  cf  iLaOt icn/perticles  cn  the 
boundaries  of  the  grains  cf  soiil  solution  impedes  the  mutual 
displacement  of  the  latter  ana  increaseo  resistance  of  relaxation  in 
initial  period.  The  unifeem  arrangement  of  highly  dispersed  particles 
within  jrains  of  solid  solution  serves  as  tie  obstruction  for 
movement  of  dislocation  and  for  slip  along  the  taundary/interf aces  of 
subgrains,  which  increases  relaxation  resistance  in  the  second  period 
cf  process. 

The  effect  of  the  basic  parameters,  which  characterize  the  state 
cf  the  pna ses  of  isclat  ic n/ 1 ioeca t ion  inegree  cf  dispersion,  their 
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cuantity,  distribution  in  basement  structure,  etc.),  on  the  process 
cf  creep  sufficiently  is  is  wexl  stuuxea  [ It,  1F3],  what,  cannot  be 
said  about  stress  relaxsticr. 


E a g e 2 50. 


L.  >!.  PetropavlovsFaya  and  3.  A.  xx'icykh  [184]  studied  the 

influence  of  the  dejree  cf  cispersicn  or  the  st rengthened/hardened 

phases  in  ferrite  and  f c t r i te- mart e n^r u steel  cn  basis  12-14o/o  Cr 

cn  the  course  of  the  prccess  or  ralaxatxon  ct  temperatures  of 
/coo-  ZKOOO 

450-650aCAh.  For  ferrite  steel  with  niter  la  e tal  1 ic  compount 
streng then ing  there  is  expetimmtall/  established  the  exponential 
dependence  of  the  rate  cf  relaxaticn  rn  II  pericd  on  average  distance 
between  tne  particles  of  an  interne tainae  (cf  type  AB2)  (Fig.  90a). 
However,  rn  the  case  of  carbide  strengtuan ing,  this  dependence  has 
acre  complex  character  (Fig.  9ub)  , wuxcu  well  actees  itself  with 
lin's  calc  elated  curve  peppy  (see  Fiy.  oo)  . 


The  structural  stability  ct  alloy  ui  many  respects  determines 
its  beiiiVior  under  conditicrs  cf  stress  relaxation  at  high 
temperatures.  The  more  stable  tne  innrar  structure,  the  lesser  the 
intensity  cf  the  process  cf  relaxation  of  stresses  (in  the  absence  of 
additional  factors).  This  was  shewn  nascu  cr.  the  example  of 
ccmplex-ai  loyed  chrcme  steel  ot  the  t/t)«  Kh12VHEF  [156].  An  increase 
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in  the  temperature  ot  tempering  ateei  iUicittd  from  650  to  700°C 
leads  to  the  stabilization  cf  taseneiit  structure,  and  in  the  process 
ct  relaxation  of  stresses  (at  o50-f0o°c,  the  additional  isolation  of 
carbides  in  steel  after  tempering  kitu  7d0°C  cccurs  less  intensely, 
since  in  .jdid  solution  remains  a smaxier  gcantity  of  tungsten, 
chromium  and  molybdenum,  than  arter  cellaring  at  less  high 
temperature  (for  example,  at  o50°d). 
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Fig-  ^0.  Change  in  the  rate  of  relaxation  in  dependence  cn  average 
distance  uetween  the  particles  of  seconuary  phase  1,  [184]:  a)  steel 
c£  tne  t/t>e  QKh13VKF;  b)  sttei  of  the  tvpe  1Kh13VMF. 


Key:  (1).  0/0/h . (<!).  nil.  (3).  V. 
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As  a result  of  hig h-tenper atu re  tempering  (at  700°C)  imparts 
steel  Kh12VMbF  high  relaxation  resistance  with  560-600°C,  than 
tempering  with  650-680°C  (Fig.  91),  ues^rte  the  fact  that  the 
hardness  and  yield  point  (at  2d°c  ana  at  56C-58Q°C)  after  more 
high- tempo  rature  tempering,  logic  ill,,  ac  e telcv.  The  properties 
indicated  are  compared  in  Table  36. 


unly  an  increase  in  the  temperature  of  tempering  to  720°C  leads 


Z3. «-■  linn  iinit;ir,;T- 


' ar 
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to  the  relaxation  softerirg  of  this  sttsi  (see  Fig.  91). 

The  character  of  tie  d € co  mp  os  it^on  of  solid  solution  during  heat 
treatment  (tempering)  also  affects  resistance  cf  relaxation.  The 
decoinr csit ion  of  solid  solutions  can  se  single-phase  or  two-phase. 

Ine  continuous  (si ngle- {has e)  decomposition  of  solid  solution,  as  a 
tule,  it.  leads  to  higher  relaxatior  aiie.  This  confirm  A.  G. 
Faxhshtalt's  data  [142]  for  beryllium  nronze  ir  which  the 
decomposition  of  the  solid  scluticr  on  two-phase  type  (with  the 
formation  of  excess  phases  7 and  )'),  realized  ty  a tempering  with 
200-3z0°C,  led  to  a shaip  reducticr  j.n  tne  rela>ation  resistance  (see 
rig.  d5)  m comparison  *ith  the  s p e cm.  e14/s  a a p le  s , tempered  at  higher 
temperature  (350°C),  when  deco  mpos  itron  was  s i n c le-phase  . Appearance 
in  rerritic  steel  of  the  sections  cf  austenite  cr,  conversely, 
emergence  in  the  austenitic  structure  u*.  the  areas  of  local 
7— »a-trans formation  con  side raniy  makca  Lalaxaticn  resistance  worse. 


Ll 1-  - a..:." 
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fig*  91.  r tie  temperature  effect  of  tuit-trinc  cn  the  value  of  the 
remaining  stress  in  steel  Kh12i7MBF  at  o0=3CC  KN/mm2  (30  kg/mm2). 

Key:  (1).  MN/m2.  (2).  kc/mm2). 

Fage  252. 

The  more  alpha-phase  in  the  structure,  ttie  lower  relaxation  life.  In 
exactly  tne  saute  manner  negative  effect  on  the  relaxation  resistance 
cf  austenitic  steels  has  the  a-phuse,  winch  is  the  inter  metallic 
compound  t’e-cr. 

I he  relaxation  resistance  of  austenitic  steels  descends  with  tha 
advent  of  a-  or  a-phase  first  or  all  otcause  the  diffusion  rate  in 
these  pauses  considerably  (for  ferrite  on  several  orders)  it  is  more 
than  in  austenite,  in  ccnnection  with  auich  in  them  faster 
cccur/f low/last  the  pherettera  cr  return. 

u.  A.  Potekhin  and  1.  h.  togichev  t99]  shewed,  tha*  the 
formation  (at  the  temperature  cr  liguiu  nitrogen)  of  martensite  in 
the  structure  of  austenitic  chtcme-aunyiue S€  steel  of  the  type 
uKhlOii  10  leads  to  intense  stress  relaxation. 
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Table  J6.  The  temperature  effect  of  te m^e r i tg  cr  mechanical 
[ropettieo  and  relaxaticn  resistance  ui  steel  K h 12  VM  EF  . 


Tewnepirypa 
omycKa.  °C 

Tat^aocn 

°a 

°0J 

W 

*. 

M 

Mh/m>  (itr/>uf) 

302 

950(95) 

800(80) 

650 

700(70) 

670(67) 

8»(«.8) 

285 

920(92) 

780(78) 

— 

680 

— 

600(60) 

570(57) 

960(9,6) 

255 

880(38) 

680(68) 

— 

700 

— 

. 560(56) 

530(53) 

1150(11,5) 

241 

820(82) 

640(64) 

— 

720 

— 

530(53) 

500(50) 

107(4(10,7) 

N ot  i.  in  numerator  are  shown  the  ^i-opeities  with  20°C,  in 
dene  la  mu  tor  - at  5 6 0°C. 


Key;  ( 1)  . Temperature  of  tempering,  °C.  (2).  Hardness.  (3).  MN/m2 
(kgf/m2)  . 


E CCTNOTS  1 . After  the  quenching  with  1J0J°C  in  cil. 


2.  oT  for  10,000  h with  5(5°C  ana  °.-3o  ^/m2  (kg/irm2).  ENDFOCTNOTR. 
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Ihis  is  explained  by  th€  t fc  ermod  y n e nuo  instability  of  the  alloy  in 
which  wore  formed  the  lccal  secticrs  of  the  stricture, 
uncnaracte  ristic  of  given  external  (Leiu^ or  ature  , pressure)  and 
internal  (chemical  composition)  conditions. 


It  is  possible  to  expect  decrease  i.i  tie  relaxation  resistance 
cf  alloy,  also,  in  such  a case,  when  oasic  sclid  solution  are 
concentration  heterogeneities.  The  latter  can  appear,  for  example, 
with  the  insufficient  hcldir.  j of  steer  caring  heat  treatment.  In  some 
nickel-chr cmium  and  other  alloys  concentration  feteregeneity  is 
observed  in  connection  vith  the  emergence  cr  sc-called  }(-state  [183]. 


The  nonuniform  distribution  of  tne  dissolved  alloying 
cell/e leme nts  in  the  lattice  or  case  metal  creates  lccal  aicrostrain 
(distort io ns) , which  are  reflected  in  tue  stability  cf  structural 
state  and  in  the  acceleration  or  teluiauon  processes  (with 
suf  ficie.ut  ly  high  temperature). 


i'c  a number  of  mu Lticc nponent  aiiu,i  wtese  structure  affects 
their  resistance  of  relaxation  scmetiiueo  tc  larcer  degree  than  the 
chemical  composition,  ate  related  cast  .con.  Heir  relaxation  life  is 
determined  , on  one  hand,  t>  tne  metas.  case  cf  structure  (ferrite. 
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t en i c a + pa a r 1 i t e , pearlite)  , and  an  tue  other  hand  — for®  and 
si ze/uimen sicns  of  graphitic  particles. 


able  37 . Results  cf  relaxation  tests  o*.  oast  „ r with  U50°C  [106], 


(*' 

YctioihnA 

HOMep 

Bha  qyryiia 

<tt  /a,  <%  k 

?! 

Haqa;ibHOMy)  no  HCTeqeHMM.  h 

100 

MO  | 

1000 

i 

<t>eppHT0  - nep.iHT- 
1 Hblft 

35,0-40.0 

26.0-31,2 

22,4-26,5 

2 1 

nep.urrubiii 

40,0—47,5 

31,5—39,5 

28,0—34,0 

3 i 

1 OeppHTHbJH 

31,8—40,0 

23,2-30,0 

20,4-26,0 

4 

riep^HTiibiH,  ,iern 

poBamibifi 

l.4%Mo+0.5%Cu 

76,0—78,0 

72,0-75,5 

69,0-72,0 

5 

riep.iHTHbiH,  .lent- 

poeaHHbiii 

0.5%Mo+0.5%Cu 

75.0 

70,5—71,5 

66,5 — 69,5 

6 

.luma  cta.ib  25.1 

49,0-  50,0  j 

42,0-42,5 

38,8—40,0 

Key:  (a).  Conditional  numheL  or  ae ltrug.  (t).  Fctm  of  cast  iron.  (c). 
tc  initial)  after,  h.  (1).  Ferrite  - litic.  (2).  P ea rlitic.  (3)  . 

Ferrite.  (4).  Pearlitic,  alloyed.  (5).  peatlitic,  alloyed.  (6).  Cast 
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the  greatest  relaxation  life  (at  temperatures  to  450-500°C) 

JO£  S0  oj'  as,  as  a rule,  cast  iron  with  pcatiitic  tasis,  small-cast  iron 
hith  rernto  basis  (Table  37).  p’er  r ite-t/oa  r lite  cast  iron  occupies 
inter  me  lia te  place. 

As  concerns  graphitic  ccmp on e n t.-  tuan  in  tie  number  of 
investigations  is  noted  advantage  cn  resistance  of  the  relaxation  of 
the  cast  iron  in  which  graphite  is  contained  in  globular  form  [68, 
106].  it  is  characteristic  that  when,  in  the  structure,  spheroidal 
graphite  as  present,  the  relaxation  resistance  cf  cast  iron  to 
consideraoly  smaller  decree  depends  on  ue  character  of  metal  base. 

It  is  interesting  also  to  ncte  that  me  relaxation  resistance  of 
pearlrtic  nodular  cast  iron  2 (at  45o°C|  approximately  the  same  as  in 
cast  steel  cf  brand  25L.  This  is  evident  frem  tie  comparison  of  the 
values  or  the  remaining  stress  for  torn  materials  in  identical  ratio 
°o/aa  2 ( ^ -i-  CJ  • 82). 


or  eat  effect 


r e laxatic r 


cf  metals  and  alloys 
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(as  generally  for  heat  resistance)  has  rue  size  of  the  grain  of  basic 
solid  solution.  B.  H.  Hcvinskiy  ar.d  V.  o.  Ljcttsa  [ 1 2,  s.  35]  studied 
the  effect  of  this  factor  cr  copper  ana  aluninun  at  room  temperature. 
The  si2o  of  the  grain  of  the  metals  oerng  investigated  varied  from 
C.C1  tc  2.2  mm.  Testing  carried  oat  eui^i.jyir.g  tie  proposed  by  the 
authors  procedure,  described  aoove  (oec  Cuapter  III).  It  is 
estabrisa/installea,  thct  the  so-calj.eu  "rnaex  cf  relaxation 
cc mpliaacd /pliability " increases  witu  au  increase  in  grain  size. 
Consequently,  the  relaxeticr  resistance  as  higher,  the  lesser  grain. 
It  should  be  noted  that  these  data  were  ootcined  for  20°C  and 
insignificant  duration  cf  tests. 


fig.  92.  Dependence  after  1000  h mtu  2CCC  cn  ratio/relation  «0/«o.a. 
for  cast  iron  (1-5)  (see  labia  36)  auu  cast  steel  25L  (6)  [106], 
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On  other  data  [186],  the  spec  i mcn/saa  p ]es  cf  copper  with  the 
size  of  gr ain  0.03  and  C.18  o shcweu  virtually  identical  relaxation 
life  ror  *0  h with  20°C,  but  metal  wxlu  coarser  grain  had  certain 
advantaje  with  150-200°C. 

interesting  results  are  ootaireu  M . L.  Khenkin  and  N.  K. 
Levincy  [186]  on  f erros i 1 icc n (j°/o  Si>  with  the  size  of  grain  0.033 
and  0.244  mm.  As  can  be  seer  from  tht  primary  curves  of  relaxation 
(Fig.  33),  at  20°C  defirite  advantage  uas  fine-grained  material,  but 
at  20 0°C  *t  becomes  less  noticeable,  uut  at  4C0°C  coarse-grained 
aaterxal  t>  r ove  to  bes  itself  more  freieiaoly  ct  relaxation 
resistance.  Analogous  results  were  erta^ued  by  the  same  authors  at  20 
and  4 j 0°C  for  low-carbor  steel. 

dost  in  detail  the  effect  of  gia^n  size  cc  the  relaxation 
resistance  of  the  unallcyed  pearlitic  steel  (0.  17o/o  C)  was  studied 
Ly  I.  I.  yelkovoy.  Different  size  cf  ^tain  (fren  point  8 to  2)  was 
reached  by  annealing  at  1C5C°C  during  1;  5 ; 2 C and  80  h. 
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r 1 ^ * * 3*  ^ULVe3  of  rela  >at  icn  or  tfr.uSi.ii.ccn  (3o/o  si)  with  size  of 
grain  0.0j3  (1)  and  0.244  mir  (2). 

Fey:  (1).  HN/a*.  (2).  kS/a*a.  (J)  . Time,  h . 

Fig.  *4.  effect  of  grair  size  they  btea^  2C  tc  value  As  at  400°C  and 

’0’If,/ai  Ug/nia*)  [92,  p.  14];  1 - 3vu,  ; 2 - 7C  |7)  ; 3 - 100(10);  4 - 
120(1^). 


'ey.  (1).  M N/m  (2).  kg/oui*.  (3).  adze  cf  crain,  mm  X 0.0048. 
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Felaxation  tf  stb  at  300  and  40J°C  ty  juration  tc  3000  h showed  that 
witn  an  increase  in  grain  size  value  ua  is  decreased  (Fig.  94),  which 
indicates  an  increase  if  rtfiotjnee  at  relaxation.  In  this  case,  most 
noticeable  effect  coarsening  exerts  .u  r relaxation  time  [92,  s.  74], 


V.  L.  Tseytiin  [ 18]  shewea,  that  a-  increase  in  the  temperature 
ct  normalization  of  low-illcy  oteal  mmlilFA  and  30K  hH  A from  880-920 
tc  10bO°C  considerably  increases  tie**,  .alaxaticn  life:  by  the  first 
- at  400-600°C,  uy  the  second  - at  5oa-ao0oC.  Ihis  effect  the  author 
explains  uy  a consideralle  increase  iii  ,raic  sizes  during  heating 
under  standardization  tc  10C0°t.  At  me  sane  tine  it  is  known  that 
lcw-ailoy  steel,  used  fer  springs,  tuat  worn  at  room  and  close  to  it 
temperatures,  possess  tie  best  relaxamuu  life  after  the  heat 
tieatnants,  which  ensure  f i r.e-gtai  reu  structure  [142]. 

It  io  necessary  to  ccpsidar  tie  t cape r ct ur es,  at  which  are 
obtained  the  experimental  data.  Apparently,  at  different  temperatures 
grain  size  affects  differently  - similarly  tew  this  is  observed  under 


conditions  or  creep 
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kith  dn  increase  in  grain  size,  resistance  c£  the  alloy  cf  creep  to 
certain  temperature  falls,  then  it  increases.  This  is  connected  with 
a change  in  the  relative  strength  cf  uu  material  of  grain  itself  and 
toruer  regions  in  dependence  on  te  n petatur  e [18].  In  the  literature 
are  given  different  interpretations  or  uis  phercmenon,  including 
from  crystallographic  and  dislocation  ^ositicns  [187,  1fc8].  The 
temperature,  at  which  c < a rse-g r ai  :ie  d metal  teccnes  stronger  than  the 
fine-grained,  was  called  "equicohesive"  or  "uniformly  strong”. 

.Stress  relaxation,  just  as  cree^,  uuer  than  equicohesive 
temperatures  ta  will  occ  tr/flow/last  ie;»s  intense  at  fine-grained 
structure,  but  is  higher  than  tuis  temperature  - with  coarse-grained 
(Fig.  95).  At  equicohesive  temperature  tne  effect  on  relaxation  of 
stresses  of  the  intergranular  and  ir.Ud3i;artlar  processes,  which 
determine  the  advantage  cf  the  other  on=  or  structure,  approximately 
is  equal. 


The  cate  of  relaxation  vr  (as  creu^  cate  va)  affects  equicohesive 
temperature  **  At  high  rates  of  ralaiat.on,  level  t is  increased, 
with  small  ones,  on  the  contrary,  it  descends.  The  effect  of  the  rate 
cf  relaxation  on  the  position  of  point  is  shewn  on  Fig.  95c. 

Unlixe  creep,  the  effect  cf  grail.  -»iz€  under  conditions  of 
stress  relaxation  is  developed  predominantly  in  initial  period.  The 
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comparison  of  the  first  and  seconi  seutuns  of  the  primary  curves 
o-t,  obtained  for  one  aid  the  uiq  nutej.ial  with  different  grain 
size,  show  s noticeably  the  larger  dii-terence  between  the  relaxation 
cf  large  and  fine-grainec  material  in  Ud  first  relaxation  time,  than 
in  the  second. 


Therefore  the  dependence  or  resistance  of  the  relaxation  of 
large  and  fine-grained  naterial  cn  tempera  tire  should  be  examined  for 
two  relaxation  times  separately  (see  cj.3.  95).  In  accordance  with  the 

noted  above  dependence  cf  eguicohesive  temperature  on  the  rate  of 
relaxation  pcint  t0  in  Eig.  95c  in  comparison  with  diagram  a is  moved 
into  tne  region  of  higher  t emperat ecu. 

Thus,  for  an  increase  in  the  relaxation  resistance  of  alloys  at 
relatively  high  te  it  pera  1 1 r es , in  particular  with  the  limited  period 
cf  their  service,  is  expedient  an  increase  in  the  size  of  the  grain 
cf  basement  structure;  in  connection  witu  this  all  forms  of  the  heat 
treatment,  which  lead  tc  coarsening,  are  preferable  cnes. 

Page  r 53. 

However,  coarsest  grain  almost  unavoidably  leads  to  the  considerable 
decrease  of  prolonged  plasticity  and  in  a series  of  cases  contributes 
to  sensitivity  to  stress  concentrators,  i'herefore  excessively  coarse 
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grain  in  t he  metal  of  fasteners  is  luaumis  s i LI  € . So,  as  optimum  is 
recommended  grain  from  the  3rl  to  th*=  ou  feint  for  pearlitic  steel 
and  from  3 to  5 - for  aisteritac  ores  pld,  <4;  92,  s.  74],  Analogous 
recommendations  for  nonfertcus  alleys  m the  literature  it  is  not 
brought. 


Of  tne  considerable  category  cf  aixjys,  first  of  all  to 
austenitic  steels  and  alleys,  is  irtrj.n~.ic  he  te  reqranu  lari  t y.  On 
sharp  deterioration  in  the  creep  strengta  cl  alloys  with 
heter  c gr  an  ular  structure,  tlere  are  convincing  cata  [160,  s.  2.28; 
189j.  It  rs  possible  tc  assume  the  analogous  effect  cf 
heter egraa ular ity , also,  under  conditions  cf  stress  relaxation, 
altnough  the  direct/straight  experimental  data,  which  confirm  this 
until  published. 

2.  Efroct  or  heat  treatnent  on  tha  relaxation  resistance  of 
austenitic  steels  and  ol  alleys. 

The  most  widely  used  version  cf  tne  neat  treatment  of 
heat-iesio tant  dispersive  hardening  austenitic  steels  is  the 
two-staje  treatment,  which  includes:  jUujchjng  (austenitizing)  from 
the  temperature,  which  ensures  obtaining  moderately  coarse  grain  of 
austenite  and  stabilizing  tempering  at  temperature  on  50-150  deg 
higher  than  the  worker.  The  roie  of  tne  size  cf  the  grain  of  basement 
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structure  and  dispersed  isolation  c£  excess  pnase  was  examined  in 
detail  above. 


curing  the  developaent  o£  the  con era t €/ s pe cif ic/act ua 1 
cc  ndi  tic  ns/raod  es  or  the  hsat  treutnent  or  aisteritic  steels,  intended 
for  high-temperature  service  under  cunu^ticrs  of  relaxation  of 
stresses  or  creep,  one  should  consider  tne  tendency  of  the  datum  of 
steel  toward  age  hardening  and  the  individual  c haracteristics  of  the 
course  of  this  process  ct  operating  tu m^e r a 1 1 r e . 

It  is  necessary  to  specify,  whim  precisely  should  understand  by 
"tendency  toward  age  harcering".  Ore  or  tne  methods  of  estimating 
this  property  is  instituted  on  the  account  tc  the  decree  of 
strengthening  steel  as  a result  of  dispersive  tc  consolidation".  One 
cf  the  methods  of  estimating  tais  property  is  irstituted  on  the 
account  to  the  degree  of  strengthening  oteei  as  a result  of  age 
hardening. 

Eagc  x59. 


Pcs’-  riejuently  here  is  utilized  an  increase  in  the  hardness  (less 
freguent  - the  limit  of  strengen  and  yield)  or  e reduction  in  the 
i;  i t t>ujhnecs.  These  indirect  criteria  especially  widely  were 


t.i  1 ’•hey  were  orly)  berore  tno  aavelcpment  of  phase  chemical 
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analysis.  Eut  there  is  icwbere  cc ncrete/s pe ci f ic/act ual 
recommendations,  during  what  (uosclute  uc  relative)  increase  in  the 
hardness  or  and  <jo,a  should  court  uu^cerutic  steel  strongly  or 
weakly  dispersive  hardening. 

Xo  it  is  considerably  acre  right  estimate  the  tendency  of 
austenitic  steels  towarc  age  hardening  according  to  a quantity  of 
releasing  phase.  Austenitic  steels  in  wmcfc  a quantity  of 
strengthen ed/harde ned  plase  in  structure  (alter  the  optimum 
ccnditions/mcues  of  age  hardening)  does  not  exceed  1-2o/c,  usually 
consiuer  us  weakly  dispersive  Burdening;  they  tecame  with  lOo/o  of 
phase  and  more  - strongly  hardening;  tn«y  became,  the  containing 
3-8o/o  second  phases,  moderately  heruemug.  The  given  gradations  are 
very  conditional  ones. 

witii  the  reference  cf  austenitic  oteel  tc  cne  or  the  other 
category,  it  is  necessary  tc  disc  consiuer  the  intensity  of  the 
process  or  age  hardening,  i.e.,  kiretico  of  the  isolation  of 
seconuary  phases  from  solid  solution.  Xna  incubation  period  of  the 
isolation  of  phases  can  be  cifrerent  - icon  several  minutes  to 
thousand  and  more  than  bcurs  - uepenuiiij  on  the  chemical  composition 
cf  the  pause  and  basic  rclid  solution,  temperature  and  other  factors 
[13,  133]. 
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1'he  advisability  cl  the  operation  at  tie  stabilizing  tempering 
is  caused  by  the  special  f eatuce/pecuxiar 1 ties  cf  the  course  of  the 
process  or  age  hardening.  Sc,  tor  weaici^  dispersive  hardening 
austenitic  steels  tempering  is  cpticuax,  sirce  is  not  virtually 


changed  relaxation  resistance.  In  it  as  strcng  end  average  dispersive 
hardening  steels  the  character  cf  the  oj.roct  cf  tempering  is 
determine!  by  the  relat ienship/rat io  or  tne  temperatures  of  tempering 
and  testing,  anci  also  bj  their  relative  attitude  in  the  range  of 
temperatures  of  age  hardening. 


at  operating  temperatures,  that  au  located  between  the  bottom 
and  optimum  temperatures  cf  age  hardening,  the  resistivity  of 
relaxation  is  above  in  teiipereu  steex,  xt  tempering  temperature  only 
insignificantly  differs  fren  optimum  i*oricer. 
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Kh2QNi5VH3B,  quenching  kith  10d0°C;  i - the  safe,  with  1200°C. 

Page  r 6 1 . 

Tempering  at  the  temperatures,  close  to  upper'  tcundary  of  age 
hardening  or  exceeding  it,  cn  the  contrary,  the  vcltage  dropping 
resistor  of  relaxation.  At  operating  temperatures,  which  are  located 
hetween  tne  optimum  and  upper  temperature  cf  age  hardening, 
resistance  of  relaxatior  in  tempered  uuu  net  tempered  steel  can  be 
identical,  if  tempering  is  (roiuced  at  relatively  low  temperature. 

Finally,  if  operating  temperature  exceeds  the  upper 
toundary/i nterface  of  ace  haraening,  tempering  hardened  steel  at  any 
temperature  cannot  raise  its  prclongcu  neat  resistance  and  relaxation 
resistance  . 

ret  us  examine  the  effect  of  thu  mat  treatment  of  steels 
lKh18N9T,  1Kh14N18V2DR  and  Kh^JN25VMju,  wnich  relate  to  weakly  and 
average  dispersive  hardening  austenitic  steels  and  which  are 
distinguished  by  the  decree  of  allcy^n^  of  solid  solution  and  by  type 
cf  secondary  phases. 

in  hardened  state  these  steels  nav=  the  polyhedral  structure  of 
solid  scluticn  (Fig.  96)  anc  tney  possess  lower  hardness  and 
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strength,  but  high  plasticity.  During  tempering  the  hardness  and 
strengtn  ire  increased  (see  Taole  38>  , aad  plasticity  is  decreased 
mainly  because  of  preci p i tat ic n of  excels  phases.  The 
cc  irnicn/g  eue  ral/ total  cortent  or  excess  ^aasts  (in  the 
hardoned/tempered  and  tempered  state;  xn  steel  Kh20N25VM3B  is 
semewnat  higher  than  in  the  others  (2-Ju/o  agairst  0.8-1.5o/o). 

Table  33.  Hardness  of  atsteritic  steels  utter  heat  treatment. 


Cra.ib 

TeMnepa- 
Ty  pa  3a  - 

K 321  K'H, 

°c 

(?)  TaepAocTb  HB  nocJie 
omycKi  npH  renneparypc 

npoaojt- 

*trT«J!k- 

HOCTb 

omycit*. 

* 

0e3  err - 
nycKi 

750*  C 

800*  C 

\IMI9T 

1050 

156 

168 

170 

12 

1200 

143 

143 

156 

12 

1 1HI8B26P 

1000 

156 

1 

168 

170 

16 

'1  I095p) 

1250 

131 

149 
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1000 

187 

197 
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1200 

168 
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24 

hey:  (1).  Steel,  (2).  Temperature  or  quenching,  °C.  (3). 
hardness  ii  8 after  tempering  at  temperature.  (4 ). . Duration  of 
tempering,  h.  (5).  withcct  temper  irg. 

Eage  262. 


was  studied  the  tenperature  effect  of  quenching  and  tempering  on 
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the  relaxation  resistance  o£  steels  [IgoJ  itdicated. 

Prolonged  relaxation  test  (by  circular  method)  carried  out  with 
65Q°C  and  initial  stresses  60-200  mN/iu2  (o-J  kg/mmi*).  The  basic 
results,  presented  in  Table  39,  testily  to  different  intensity  of 
stress  relaxation  after  the  applied  uonaiticns/modes  of  heat 
treatment. 


quenching  from  higher  temrer  a tu*.  es  ( 1 2C0-  1 250°C)  at  any 
temperatui.  e ci  tempering  (or  without  it|  leads  to  the  higher  level  of 
the  remaining  stresses  with  650°C,  tuun  guer.ching  from  relatively  low 
temperatures  ( 1000- 10 50°C) . However,  iol  steels  lKh18N9T  and 
Kh14N1 8V2  the  difference  in  tne  value  oi  the  remaining  for  1000  h 
stress  is  not  so/such  great  - it  ccm^osos  1C-2Cc/o  in  hardened  state 
and  to  2 5u/o  in  that  tempered  (Table  39).  Ic  steel  Kh20N25V!l3B,  this 
difference  is  noticeably  mere,  raoelj  25-  30o/c  after  quenching  and 
25-dOo/o  after  quanchinc  anc  tempering. 

Tempering  steel  Khl4NlfcV2o  (at  tne  lame  temperatures)  in 
accoraance  with  what  has  been  said  does  not  ateve  affect  positively 
the  process  of  stress  relaxation,  llaiue  «,  cco  fer  this  steel  in 
comparison  with  hardened  state  even  is  uecreascc  (by  20-25o/o,  Table 
29)  . 
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Tempering  steel  KhiON25VMJb  witn  7ou-8C0°C  substantially 
decreases  the  intensity  cf  relaxation  or  stresses  with  650°C.  An 
increase  of  a louo  in  fire-grained  steel  { a ar ae n/tempered  with  1000°C) 
reaches  to  40o/o,  and  ir  coarse- gr aineu  ( h ar den/terapered  with  1200°C) 
- to  55o/o  (see  Taole  35).  The  effect  or  teupering  on  the  relaxation 
resistance  or  this  steel  is  clearly  tvinant  in  the  primary  curves  of 
relaxation  (Fig.  97). 

it  austenitic  dispersive  Hardening  steel  is  subjected  to  the 
heat  treatment,  which  leads  to  the  rotiuiticn  cf  coagulated  particles 
cf  the  excess  phase,  then  its  relaxation  lile  will  be  noticeably 
lowered.  This  is  evident  taseu  cr.  the  example  cf  steel  Kh15N25V4T 
(Table  40)  , tested  for  the  relaxation  wuose  high-temperature 
tempering  leads  to  the  coagulation  cr  tne  particles  cf  the 
i nter me t al 1 ide  phase. 

The  preliminary  thermal  ncldirg  or  nigt  cf  duration  with  the 
worker  or  close  to  it  temperatures  actually  car  be  considered  as  very 
prolonged  tempering  at  the  appropriate  temperatures. 
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36(3,6) 

43(4,3) 

28(2,8) 

37(3,7) 

150(15) 

68(6.8) 

65(6,5) 

42(4,2) 

58(5,8) 

52(5,2) 

25(2.5) 

200(20) 

— 

— 

67(6,7) 

52(5,2) 

T (S' 

lo  *e+omvcK  non 
800°  C 

60(6)  ! 

30(3,0) 

24(2,4) 

29(2,9) 

18(1,8) 

- 

100(10) 

51(5,1) 

47(4,7) 

43(4,3) 

39(3,9) 

150(15) 

70(7,0) 

68(6,8) 

39(3,9) 

60(6,0) 

56(5,6) 

26(2,6) 

200(20) 

— 

— 

75(7,5) 

L 



60(6,0) 

- -■- 
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Key:  (1).  Cond itio t s/mcde  of  heat  tc e at  me nt . (2).  KN/m2 
(kg/nsia2).  (3).  MN/m2  (kc/mm2)»  of  £tc«ij. 

fCCTMOTE  1 . In  numerator  - after  1 C Co  u,  ir  de  rc  mina  tor  - after  2000 
h.  ENDFCCi NOTE. 

(4).  Tampering  with  100  0-  1050°C.  (5).  Tua  s amt  ♦tempering  at  750°C. 

Fage  263. 

in  work  [ 1 67  ] were  studies  structural  transformations  in  the 
process  or  prolonged  thermal  adding  at  temperatures  of  500-300°c  of 


’ 


austenitic  steels  of  brands  Ku13N9,  rui1otil9T,  1Kh14N14V2K, 


4Kh  14N  14V2  !%  Kh20N25,  4 K h 1 8 N 25  i 2 , Kh1<*Nl4V2  ar.d  alloys  KhN  35VMT  and 
Kh 1 5NoO. 
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(kg/mm 2:  1 - 150  (15);  2 - 200  (20). 

Key;  (1).  MN/®1-  (2).  kg/mm2.  (3).  Time,  h. 

Qra^e  zb6rjEy  L.  B.  Getscv  and  3.  G.  iuUuii)C]  [191]  is  investigated 
the  erfect  oi  thermal  hcldiny  oy  duration  5C0C- 10,000  h (and  sometimes 
- to  5C,JJU  h)  on  creep  strength  with  ouu-dCC°C  austenitic  steels 
Kh  2 3 N 1 8,  3Kh19N9MVBT,  4 Kh  12t)dGd3E  E auu  alloys  cf  KhN  35  VT  Yu  . A.  F. 
Zlepko  [1^2]  cite  data  < n the  erfect  01  tnermal  holding  by  duration 
to  3 0,0 C 0 n on  stress- r u p t u r e strength  men  6CC°C  of  austenitic  steels 
Kh  IS  N 1 2T,  Kh14Nl8V2EK  ard  4 K h 1 4 N 1 4 V 2a  . 

In  tu  e enumerated  »crks  it  is  esca^i ish/installed,  that  the 
preliminary  prolonged  hsatirg  at  the  temperature  of  subsequent  creep 
test  (or  with  higher)  leads  to  a ccnsiu«_r  a tie  reduction  in  the  creep 
strength,  i.e-.,  to  the  increase  cf  ctee^  rate  aid  the  decrease  of 
tine  tc  rupture  with  this  stress  l. 

FCCTNuTE  1 . In  more  detail  about  structural  cues  transformations  in 
austenitic  steels  with  (tclcnjtu  hcluin*  stated  in  monograph  [18], 
ENDFCOTNOr E. 


Cn  the  basis  presented  in  Chapter  II  it  is  possible  to  expect  the 
analogous  effect  of  prolcnced  ncldin^  and  under  conditions  of  stress 
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relaxation. 

The  u egati ve  effect  cf  proiongeu  tuerncl  hcldinc  on  the 
heat-resistant  proper  tits  of  set  si  io  connected  with  the  decrease  of 
the  degrao  of  alloying  cf  scliu  sclutiuu  ana  with  the  coagulation  of 
the  particles  of  the  excess  pause  whose  value  up  to  the  torque /mom ent 
cf  loadi:ij  will  be  more  than  arter  common  short-term  tempering. 

The  relaxation  resistance  of  heuL-i.es  istart  nickel  base  alloys 
(so,  as  austenitic  steels)  it  is  determined  ty  the  size  of  the  grain 
cf  solid  sclution,  by  the  decree  of  its  ailcying  (changing  depending 
cn  temperature  quenching);  hy  type,  oy  quantity  and  degree  of 
dispersion  of  the  excess  phases,  whicn  separate  during  tempering. 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  Of  STANDARDS  I%3  A 
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Table  40.  Remaining  stresses  of  relaxation  In  steel 
Khl5N25V4T  with  650 °C. 


0,.  Mm/*1,  , 

TepMHs«CKan 

O0p«6OTK«*^ 

f>lox  . Mm/*1  (*r /**<),  u ■p«m,  « | 

<K /■/**•)  OJ 

120 

500 

1001)  ] 

200(20) 

3-fO 

170(17,0) 

166,5(16,66) 

162(16.2)1 

200(20) 

B.o. 

145(14,5) 

136(13,6) 

• 12(11.2)1 

250(25) 

250(25) 

3-|-o. 

214(21,4) 

180(18,0) 

2075(20,75) 

202(20.2) I 

B.o. 

155(15,5) 

140(14.0) I 

300(30) 

3+0. 

261(26,1) 

232(23,2) 

220(22,0)1 

300(30) 

B.o. 

237(23,7) 

209(20,9) 

150(15,0)  1 

Key:  (1).  MS/m 2 (kg/mm2)  . (2).  rieat  treat  meet*. 


FCOTNOTE  *.  Z + o.  - quenching  with  ♦ tendering  With  750°C.  V. 

- high-temperature  tempering  (without  quenching).  (3).  MN/m2 
(kg/mw2)  , for  time,  h. 


E a g e ^ € 7 . 


A quantity  of  such  phases  in  the  structure  cf  heat-resistant 
nickel-c nr cmi urn  alloys,  as  a rule,  is,  cunsiceratly  mere  than  in 
austenitic  nickel-chromium  steel  (it  composes  1C-20o/o  and  more). 


r'er  the  majority  of  the  nicke  l-curojii  un  alloys,  intended  for  a 
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hcrk  under  conditions  of  high-temp tratute  stress  relaxation,  is 
applied  ue  two-stage  heat  treatment,  uuich  consists  of  quenching  and 
stabilizing  tempering. 


Fig.  98.  A icrostructure  cf  alley  K h N7  7 1'  i u in  initial  state.  X200:  a - 
quenching  with  950°C;  b - witn  133C°l.  c - with  1150°C. 

Eage  263. 


In  this  case,  the  tendency  cf  such  ailoys  toward  age  hardening  plays 
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the  same  role,  as  in  austenitic  steels. 

The  effect  of  heat  treatment  cn  tne  relaxation  resistance  of 
nickel-chi  cffium  alloys  jet  ts  examine  uased  on  the  example  of  the 
alley  KaN7  7T¥u.  It  is  strengthened  because  cf  the  inter met al li de 
compound  hi3  (Ti,  Al)  ( y'-  phase)  , wnun  is  separated  from  the  solid 
solution  in  quantity  d-’lc/c  during  hearing  cf  the  hardened/tempeced 
alley  in  interval  cf  65C-80C°C. 

Cuenchinj  effect  and  temperings  studieu  in  the  metal  of  industrial 
melting  of  the  composition:  O.uoo/cC;  ^.jo/c  CR;  2.5o/o  Ti;  0.75o/o  Al 
(ether  nic  Kel)  . 

with  quenching  internetallide  Nij  (T i , Al)  almost  completely 
transier/c onverts  into  solid  solution;  la  tie  undissclved  state  it 
remains  a total  of  1-1.5o/o  or  interiuetai  1 ic  compound  phase.  In 
connection  with  this  with  an  increase  m tie  temperature  of 
quenenin /,  the  hardness  and  the  strenytu  of  alley  is  decreased, 
plasticity  is  improved,  grain  sizes  increase.  After  quenching  with 
S5C-9bO°C,  grain  size  cctrespox.ds  tc  ^o.iit  7;  ar  increase  in  the 
temperature  cf  quenching  to  1d5C-lC8u°C  increases  grain  size  to  3-4 
points,  and  with  quenching  witu  1150°c,  *rain  grew/rises  to  2-1 
points  (Fig.  98). 
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Eig.  99.  Curves  of  relaiaticn  ct  alls/  Aa M 7 7T Y u with  650°C:  a - 
guenuiiiag  with  950°c  (bright  aarks)  auu  witt  1C80°C  (dark  marks);  b 
the  sane  * tempering  with  750°C;  oc,Mtf/&z  (kg/am2)  : 1 - 250(25);  2 
5G0  (30)  ; j - 350(35)  . 

Key:  (1).  MN/m2 . (2).  kg/otni2.  (J)  . Txuie,  h. 

Eage  ^69. 


it  is  necessary  to  tear  iu  mind,  mat  an  increase  in  the 
temperature  cf  guenching,  besides  grain- gr c wth , ’eads  to  certain 
change  in  the  subgranular  structure  ur  alley  (ncsaic  structure) . 
However,  its  effect  on  the  heat  resistance  cf  nickel-chromium  alloys 
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is  relatively  small  [192], 

Relaxation  tests  (ty  circular  ocuiui)  tarried  out  with  650-700°C 
and  initial  stresses  1C  ( -30  C hin/tn 2 (IO-jO  kc/mro2).  Primary  relaxation 
curves  are  represented  in  Fig.  93,  ana  Lae  temperature  effect  of 
quenching  cn  the  value  cf  tie  rinal  stress  CTt  / accepted  by  the 
fundamental  characteristic  cf  relaxation  resistance,  it  is  shown  on 
lig.  100. 

ihe  dependence  between  the  te n feratu re  cf  quenching  and  the 
final  stress  of  relaxation  is  expressed  uy  curves  with  slanting 
naximua.  As  is  evident  in  Fig.  100,  ue  maximum  value  o ^ for  time 
1000j  2000  and  3000  h with  eo=1O0  ana  oi  15CMN/m2  (10  and  15  kq/mm2) 
is  observed  after  quenching  witn  105b°C,  out  with  oo=200f^N/m2  (20 
kg/irm2)  - probably  after  quenching  witn  10£C°C.  In  this  case,  a 
change  in  value  ot  during  tie  variation  jf  the  temperature  of  the 
quenching  within  the  liiits  indicated  relatively  small  and  does  not 
exceed  2 5-  30c/o. 

it  should  be  noted  that  tne  depenutuce  cf  creep  strength  on  the 
temperature  cf  the  quenching  or  allc/S  nuiM77lYu  [195]  and  nimonic  90 
[1S6]  (close  in  composition  to  the  airo/  hfcli97lYu)  also  has  extreme 
character  (Fig.  101).  Hcwevet,  a relative  ccance  in  the  value  of  the 
initial  stress  of  relaxatior  during  tne  vaiiaticn  of  the  temperature 
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cf  quenching  is  less  then  tie  creel  rate  On  cr  cf  time  of 
decomposition. 


^ j)  TeMnepamypo  mkojutu,  V 


Fig.  100.  leuiperat  ure  effect  or  guencni.hj  cr  value  a at  700°C  and 
different  values  ®0,MN/m2  (kg/mm2)  : 1 - ICC  (1C);  2 - 150(15);  3 - 
2CG (2u)  . 


Key:  (1).  MN/m2.  (2).  kg/nn2.  (J)  . Temperature  cf  quenching,  °C. 

Fage  270. 

Furthermore,  inaximums  ic  curves  o,— fci  lev  values  a0  in 
comparison  wltn  curves  — t °3tH  are  insr  j n i 1 ic  a nt  ly  moved  to  the  side 

cf  smaller  temperatures.  Eut  at  higher  initial  stress  maximum 
resistance  of  relaxatici  anc  creep  is  a«-meved  at  the  identical 
temperature  cf  quenching  cf  1CtO°C. 

The  effect  of  tempering  (aging)  on  tne  relaxation  resistance  of 
alloy  vas  studied  after  guerchrng  from  optiaum  temperature  indicated 
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above  of  1080°C,  and  also  fcr  a ccmp au^oa  after  quenching  with 
S50°C.  As  it  was  noted,  the  lasr/1 atter  temperature  cf  quenching 
leads  to  line-grained  structure  and  xt  was  cf  interest  to 
reveai/det ect/expose  the  special  f eacatu/peculiarities  of  secondary 
structural  transformatic rs  ir  sclid  soiuticr  with  small  and  coarse 
grain. 

From  primary  curves  the  stress  - tie  time  (see  Fig.  99)  is 
evident  tnat  tne  intensity  cf  stress  xexaxaticn  is  different 
depending  on  the  used  cc nditiens/mede  or  neat  treatment.  Tempering 
(aging)  increases  resistance  or  the  arxo/  cf  relaxation  (at  650°C)  in 
comparison  with  hardened  state.  The  vuxues  cf  the  remaining  stresses 
after  tempering  with  75C°C  are  aigher  tarn  afterward  800°C,  which  is 
connected  with  certain  "eve rag xng"  Ci.  axxoy  with  the  last/latter 
version  of  tempering.  The  total  quantity  of  y'-phase  in  alloy,  after 
tempering  at  750  and  80C°C  composes  *.  o and  8.Cc/o  respectively. 

hrom  the  data  cf  "Fable  41,  it  ia  not  difficult  to  calculate, 
that  the  values  0IOOO  Decause  cf  tempering  can  he  raised  (in 
comparison  with  hardened  state)  to  5c-ojo/c. 
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Fig.  101.  The  temperature  effect  of  ^ueuchirg  cn  time  to  the  failure 
cf  alloys  KhN77TYu  and  Nimcr.ic-90: 

1 - t=600°C j cr=600  MN/ra2  (60  kg/mm2);  2 - t=700°;  <5=360  MN/m2 
(36  kg/mm2);  3 - t=750°C;  <5=300  MN/m2  (30  kg/mm2 ) . 


Key  to  Fig.  101.  (1).  Time  tc  tailtrcr^,  h.  (2).  Time  to  failure 
h.  (3)  . Temperature  cf  quenchirg,  °C. 
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Fage  <:71. 

wuenohiny  with  1J8C°C  at  any  tem.Jt>i.atU£e  of  tempering  (or 
without  it)  leads  to  corsideranly  fciguoi.  relaxation  life  with  650°C, 
than  guenohiny  with  950cC.  lhe  values  of  altoo  with  an  increase  in 
the  temperature  of  quenching  from  950  to  1 080°C  grow/rise:  in 
hardened  state  to  75-10Co/o,  in  that  tendered  - to  50-  100o/o. 


i 
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Table  41.  Effect  of  heat  treatment  on  relaxation  resistance  of 


alloy 

KhN77TYu 

at  650° 

c. 

0)  o„ 

(a) 

Tepumecxui 

/7j  «*'• 

( Mh/m‘ 

Tepmiiectta* 

OOpflOOTKfl 

CD 

Mh/m' 

oopatorva 

Mh/jT 

xr/MM1 ) 

(itT/MM  ). 

(Kr/MM'). 

•250(25) 

(3) 

3aKa(iKa 

50(5,0) 

© 

3axaJiKa 

98(9,8) 

c 950° C 

40(4,0) 

c 1080° C 

82(8,2) 

500(30) 

69(6,9) 

126(12,6) 

54(5,4) 

102(10,2) 

350(35) 

95(9,5) 

156(15,6) 

80(8,0) 

140(14,0) 

250(25) 

300(30) 

a> 

3aK&HKa  (H  \ 
c 950°  C + or- 
nycK  npn  750°  C 

75(7.5) 

52(5,2) 

104(10,4) 

<^«Mi(a  Qsq\ 

lostfc  + ot^ 
nycic  npn  750°  C 

' 128(12,8) 
106(10,6) 
173(17,3) 

88(8,8) 

150(15  0) 
197(19,7) 

350(35) 

170(17,0) 

250(25) 

' ($> 

3aK&KKa  Csys 

950°  C-f-oTnycK 

54(5,4) 

42(4,2) 

1 080°  C -pDT- 

104(10,4) 

85(8,5) 

300(30) 

npH  800°  C 

107(10,7) 

nycK  npH  800°  C 

148(14,8) 

90(9,0) 

130(13,0) 

Key:  (1).  a0,  MK/m 2 (kg/mni*) 
(4).  tempering  with. 


(2).  Heat  trectaent.  (3).  Cuenching 


FCCTNOTE  1 . In  numerator  - after  ICQs  u,  rn  de  ccirinator  - after  2000 
h.  ENJFCC1 NOTE. 


fage  s7 2. 

hcut  visually  the  effect  of  heat  treatment  on  the  relaxation 
resistance  of  alloy  KhN77iyu  is  reflected  cr  the  graphs,  which  show 
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the  interconnection  of  initial  and  rciua^ainc  stresses  (Fig.  102). 
These  dependences  ccnfirir  tie  vital  importance  cf  the  temperature  of 
quenching  and  tempering.  From  Eig.  loi,  it  is  possible  also  to  see 
that  the  positive  effect  cf  teaperin*  on  the  value  of  the  remaining 
stress  is  relatively  more  with  nigh  initial  stresses  and  it  is  less  - 
with  small  stresses. 

Thus,  the  maximum  relaxation  li^e  oi  alley  KhN77T Yu  provides  the 
dual  neat  treatment,  which  consists  oi  parching  with  1050-1080°C, 
with  coding  in  air  and  temperings  for  1o  h at  ‘550°c. 

The  analogous  conditio rs/modes  ot  two-stage  heat  treatment  are 
used  also  to  the  mere  cc mplicatedly  aiioyec  alleys.  In  recent  years 
for  such  alloys  in  certain  cases,  arc  reo o n uended  the  more  complex 
(multistage)  condi tions/medes  oi  the  neat  treatment,  which  facilitate 
an  increase  in  their  heat  resistance  aim  especially  plasticity  [197], 
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testing  2000  h:  1 - quenching  with  Sju0^.;  2 - the 

vith  750°0;  3 - quenching  witn  1CdC°c;  h - disc  + 


750°C;  5 - the  same  ♦ tenperiuy  with  dUa:>C. 


6S0°C  and  time  of 
same  + tempering 
tempering  with 


Key:  (1).  MN/m2 . (2).  kc/mrn2. 


Eage  2.11. 


The  numerous  versions  ol  complex  heat  treataents  can  be  reduced  to 
the  following  diagrams:  a)  duax  gut  non lag  with  common  tempering;  b) 
graded  hardening  with  ccmrncn  tempering;  c)  common  quenching  with  dual 
(cr  repeated)  relaxation;  e)  tue  ccnwnod  treatment,  during  which  the 
quencning  and  tempering  are  conducted  duJer  the  complicated 
conditions  1 . 


-sill 
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FOOTNuTE  1 . The  co ncret e/s peci i ic/ act uar  c c r dit ions/modes  of  the  heat 
treatment  cf  nickel-chrc n iun  heat-resistant  alleys  and  their 
theoretical  substantiation  are  examinee  in  cetail  in  monograph  [18]. 
ENDFOOTNOi'  E. 


Since  the  nic  kel-c  h i c m ium  alloys,  utilized  under  conditions  of 
highly  temperature  rela>aticn,  as  a rule,  they  have  sufficient 
plasticity  ar.d  they  are  insensitive  to  stress  concentrators,  there  is 
no  need  for  the  ap plicaticn/use  for  tnem  of  complex  conditions/modes 
cf  neat  treatment.  The  advisaoiiity  or  applying  the  multistage 
treatment  should  be  solved  in  each  iruividtal  case,  taking  into 
account  in  this  case  cor siderarle  compracation  end  rise  in  price  of 
the  technological  process  cf  tna  picuucnon  cf  parts. 

2.  Effect  of  thc-r mcraec h an ic  a 1 tLeatment  on  the  relaxation  resistance 
cf  steels  and  of  alloys. 

Iho  t hermomechanical  wonting  cf  metals  and  alloys,  which  is  the 
combination  of  plastic  deformation  («oix.  hardening)  and  cf  heat 
treatment,  is  the  progressive  techrcxogxcal  process,  which  makes  it 
possible  to  increase  the  level  of  necuauical  properties  they  began 
and  other  alloys,  inducing  heat-resistant. 

The  possibility  of  strengthening  tna  metallic  alloys  by  the 
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ccm cination  of  mechanical  and  preciprt  aero  n hardening  was  noted  into 
IShJ  more  in  S.  T.  Konoleyetskry *s  tneotetical  works  [ 198],  The  real 
possibility  of  applying  tie  tnermc  ia.uauicai  treatment  for  an 
increase  in  the  hea t- res  is t a nt  properties  is  shewn  f cr  the  first  time 
ty  V.  C.  Sadovskiy  with  colleagues  [1y*j.  Subsequently  was  carried 
cut  a considerable  number  cf  axperiicuui  i t ve s tiyat ions  whose 
comprehensive  surve y/co ver ace  can  te  round  in  t . L.  Bernstein's  work 
[ 200  ]. 


The  numerous  methods  ct  tins  treatment  car  te  referred  to  three 
tasic  forms:  NTMO  ( low- t e mp e ra t ut e tuetmoaechanical  treatment),  VTWO 
(high- temperature  therm  c tree  b an  ic  al  treatment)  and  MTC 
(mecimno-t  hermal  treatment). 

Pa-fe  J73. 

The  diverse  variants  ttese  treatments  connect  the  operations  of 
the  piastre  deformation  which  Carry  out  at  the  rest  diverse  degrees 
cf  the  derormation  and  different  temperatures,  and  strictly  heat 
treatment  basic  parameters  cf  wnich  ptempe r ctur e , time,  rate  of 
heating  and  cooling)  car  oscillate  over  wide  linits.  As  a result  are 
obtained  the  most  varied  combination  or  mechanical  work  hardening, 
recr yatali ization,  return  and  aging  wnouU  total  effect  on  the  process 
cf  stress  relaxation  car.  be  dirfarentiy  and  depends,  furthermore, 
frem  specr  fic  operating  ccncitrcns  - nutation  and  temperature. 
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»t  rocm,  the  reduced  and  .aoderatcl/  elevated  temperatures  any 
thermomecn anical  treatment  (jjst  as  ooiu  work  hardening),  as  a rule, 
it  increases  the  relaxation  resistance  or  tretals  and  alloys.  This  are 
explained  by  the  fact  that  1M0  reads  to  creaticp  ir.  the  structure  of 
polysr ysta lline  ;uetall  ct  tie  overly  uiotriruted  internal  dislocation 
barriers,  which  prevent  moveme.it  of  ic.aijcaticn  [22,  s.  65]. 
Simultaneo usly  increases  dislocation  uensitj,  moreover  the  latter 
after  NMTJ  (with  the  identical  degree  or  d efc r nation)  almost  by  an 
order  is  uigher  than  after  \TdJ  [2C0J. 

r’ositive  effect  of  TKC  can  be  snowu  oased  on  the  example  of 
low-alloy  steel  35GS,  irvestigatei  in  worn.  [201].  VTMO  consisted  in 
deformation  to  30o/o  with  9C0°C  with  ny  these  following  quenching  and 
tempering.  Relaxation  test  was  carricu  cat  at  room  temperature  by 
circular  method,  at  the  sufficiently  nign  values  of  the  initial 
stress:  330,  1200,  140C  and  1600  mk/ui2  i95,  1*0,  140,  160  kg/mrn2).  As 

can  be  seen  from  Fig.  1C3,  the  voltage  urop  in  the  s pec  i me  n/sa  m pie  s, 
subjected  to  VTMO,  less  than  in  these  nar d e r/t e npered  and  those 
tempers!  specimens.  This  law  io  valia  noth  icr  the  initial  relaxation 
tine  and  after  200-  400  h. 

F ur tnermore,  from  findings  it  fuiuws  that  VTMO  leads  to  the 
note  staole  structure  of  steel;  ancmuious  peaks  (on  initial  section) 
curves  for  the  har dened/teip ered  s ( eci men/ s a n p 1 es  which  the  authors 
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explain  by  the  decc Epos i t i o r or  resiuuax  austenite  and  by  the 

isclation  cf  carbon  froa  sclid  sclitxon,  on  curved,  corresponding  to 

VI !1C , the/  are  absent. 

Po^<fr  C 5 7 

The  ravorable  effect  cf  preliaiuaiy  plastic  deformation  on 
resistance  of  relaxatioi  in  pearlitic  steel  at  item  and  moderately 
elevate!  temperatures  dees  ret  cause  uouot.  Thus,  for  example,  the 
ccld  deformation  of  carter  steal  with  considerable  reduction  (to 
80o/o)  , but  the  low  initial  voltage  Lso-40C  MN/ii*  (40  kg/mm?)  ] it 
increases  relaxation  resistance  with  id  xi  cf  150°C,  that  to  larger 
degree,  the  higher  the  ccntent  in  steei  of  carbcn  (within  limits  of 
C.3-0.9o/o)  [142],  In  this  case,  many  autncis  indicate  that  there  is 
an  optiuiui  degree  of  work  hardening,  as  snewed  A . A.  Krasil'nikov 
[41],  this  optimum  amourt  cl  alternation  fci  high  steel  U8 A vary  with 
temperature,  composing  fcOc/c  with  20°c;  5Gc/o  with  150°C  and  only 
20 o/o  with  450°C.  More  detailed  data  on  tnis  guestior  can  be  found  in 
the  beck  of  V.  Ya.  Zubov  and  5.  V.  GiaCuav  [97], 

with  an  increase  in  the  temperature  on  the  process  of  stress 
relaxation,  have  effect  such  pnencBena  as  t e c t j s tal 1 iza t ion , return, 
aging.  Under  these  conditiors  tne  decisive  importance  acquires 
time/tempo r ary  factor.  After  a certain  time  interval,  which  depends 
cn  temperature,  st r engt h e ne d/harde r eu  action  cf  TMO  is  lest  and 
advantage  obtains  the  material,  subjected  tc  TMC. 
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different  initial  stresses:  1 - utteL  Vi.NO;  2 - after  quenching  and 
tempering  with  200°C  [2C1j. 

Key:  (1).  MN/mm2.  (2).  kg/mn2.  (3).  win.  (<4).  Time,  h, 

Eage  276. 

Schematically  this  is  shown  on  Fig.  Ion,  where  the  points  of 
intersection  of  straight  lines  tor  Tn<j  and  ccucn  heat  treatment 
answer  the  maximum  temptratrre  of  eftcCLive  ise  of  TMO  at  the 
assigned/prescribed  service  lire.  For  example,  if  with  the  short-term 
loading  (u  y duration  of  10  h)  or  TfC  it  is  effective  at  temperatures 
to  t5,  then  during  the  elcncaticn  cf  service  life  to  1000  h maximum 
temperature  will  be  lowered  to  t3. 


DOC  - 7 61  5 3 91  i 


FAC£  -4**- 


ff  it  is  required  tc  increase  tne  time  of  the  effective  effect 
cf  TMU  on  relaxation  resistance  of  tnis  material,  cne  ought  not  to 
an-rodch  excessively  high  dislocation  udsity  ir  metal,  since  such 
structural  of  state,  obtained,  for  example,  via  NTMO,  is  with 
jrclcngea  temperature  effect  is  unstable.  Eetter  results  it  gives 
V1MC,  which  gives  to  sonewhat  less  dislucat  ic r.  density  [ 200]. 

r cr  prolonged  nigh-ten per atur e service,  as  already  mentioned  in 
Chapter  1,  was  preferable  polygonal  structure.  I clygon izat ion  can  be 
created  under  certain  conditions,  also,  with  VTt'O,  and  with  NTMO, 
with  tne  application/use  cf  relatively  oiali  decrees  of  plastic 
defcriaatio  r.  In  the  case  cf  NTMO  for  cue  formation  of  polygonal 
structure,  is  necessary  the  supplenentai  neat  in  the 
prerecrystallization  tenpereture  ran^e,  called  seme  authors  by 
recrysta li ization  anneaiing. 

Stable  polygonal  structure  is  cotu^ned  with  the  aid  of  the 
mechano-tnermal  treatment  (MToy,  propostu  and  developed  by  I.  A. 
Cding  and  his  school  [21,  22,  p.  65;  zu*.j.  ihis  form  of  treatment 
ccgsists  j.  n the  deformation  oi  metal  to  1- ICo/c  with  the  specific 
temperature  and  the  subsequent  aoldin^  ^.n  the  p cerecry st. al lizat ion 


temperature  range, 
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t To  to3  W ’ to*  >Os  K*  tor  toi 

(l)  Spent r,  y 

Fig.  104.  Diagram  of  a change  in  value  oT  frcn  relaxation  time 
(ti<ti)  : aash  - TMO;  solid  - center  neat  treatirent. 


Key:  ( 1)  . Time,  h. 
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Eoth  these  temperatures  cl  deformation  and  therual  hclding  - in 
certain  cases  coincide.  For  example,  uu*.ing  Meriting  of  austenitic 
stc-el  IKhl  3N9  for  toth  c f ,c  jeratio  r.s  it  is  ieccmnended  [21]  with 
60QOC. 


d.  L.  Bernsheyn  anc  N.  B.  LiDnan  ^i00]  studied  influence  of  TilO 
(according  to  diagram  quenching  - derorma  tic  c - aging)  on  relaxation 
cf  stresses  of  the  Ellir.var  alloys  oj.  stands  N 4 iKhTA  and  N35KhMVA 
kith  h 5 0 °C  and  initial  stresses  aQ^0.o  ay.  Erring  testing  of 
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speciinen/samples  made  of  alloy  N 4 1 K hi  a uit«i  quenching  with  1000°C# 
deformation  for  8o/o  and  tempering  duLiuj  C.5  ard  5 h was 
cstabl ish/ insta lie d only  an  insignificant  iccrease  in  the  relaxation 
resistance  in  comparison  with  the  unuarotraec  s p ccimen/sa mples  (Fig. 
105a,  b) . 


(3)  tpe**,  v 

Fig.  105.  The  curves  of  the  relaxation  of  alley  NUlKhTA  at  550°C 
[200  ]:  a)  guenching  with  10fC°C  ♦ tewreiiiiq;  t)  the  same,  with  1000°C 
♦ deformation  8o/o  ♦ tenperinj;  c)  tat  oime  is,  ♦ deformation  Iho/o  ♦ 
tempering  with  t,  °C:  1 - 6C0;  2 - 7oo;  J - £CC. 


Key:  (1).  ilN/m2.  (2).  kc/nir2.  id)  . Txiue,  n. 


Eage  i7d. 


The  temperature  effect  cf  tempering  t/iouounced  cnly  at  the  guite 
initial  moment  of  the  piccess  of  relaxarior. 


Anotaer  picture  was  observed  fot  ua  alley,  deformed  after 


■ * ■ 
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quenching  with  1000°C  tc  14c/o,  when  auiiug  subsequent  tempering  was 
fcrneu  poxygonal  structire.  Ia  connection  with  noticeable  increase 
during  the  treatment  of  elastic  Unit  indicated  value  of  a0  in 
relaxation  tests  was  led  to  9J0  Mrf/ui*  (j J kc/cir*).  As  can  be  seen 
frcin  ir'ij.  105c,  the  relaxation  resistance  ci  alloy  also  increased 
substdntia  lly,  in  partictlar  alter  tempcritt  with  800°C,  which 
created  in  alloy  this  stable  d xsl  jc  at  x.on  stiucttre  that  at  550°C 
stress  relaxation  for  tfis  duration  oi  tests  net  at  all  was  observed. 

austenitic  steels  and  nicxel  ta^t  aiioys,  as  is  known,  possess 
large  plastic  defo r ma bi 1 i t y ; therefore  effect  cf  THO  on  their 
[icpertios  most  is  noticeable.  For  example,  via  VTMO  it  is  possible 
to  raise  1 00-h  tne  stre s s-r tpt ur e strength  cf  aestenitic  steels  with 
55C-650°C  to  15-25o/o  [2CC],  Approximately  the  same  increase  in  «10a 
(tc  2dc/o)  at  600° C gives  K1C  oi  steex  Un1cN9T  [21]. 

The  effectiveness  cf  IPO  ct  heat-resistart  austenite  steels  and 
alleys  is  confirmed  by  runerous  in  vest  a*  at  ic  ns  [2  00,  203-205  ], 
however,  in  technical  literature  ilmoat  tnete  is  no  information  about 
the  effect  of  TKO  and  MIC  c r.  austerit.*.c  steels  and  alloys  on  their 
relaxation  life.  There  are  cnly  separate  data  cr  the  application/use 
to  them  of  cold  plastic  deformation  twotx.  hardening),  which  must 
affect  their  resistivity  cf  relaxation  xu  the  same  direction  as  the 
diverse  variants  of  NT M C . 
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in  particular,  it  is  esta j 1 ish/instx 1 le d,  that  the  cold 
deformation  (with  the  snail  decrees  ox  induction)  of  chrome-nickel 
austenitic  steel  of  type  18-9  and  18-lu  matck  K h 18N 1 9,  Khl  8N9T, 
KhIBNIO,  KhldNIOT  improves  resistance  ox  relaxation  at  the  moderately 
elevated  temperatures  (tc  4CC°C)  . Eo,  in  vcik  £206]  was  investigated 
stress  relaxation  in  the  ccld-worked  wXi.a  with  a diameter  of  4.5  mm 
nade  of  steel  lKh18N'9T  with  the  Unit  ox  strength  with  20°C  1450-1600 
M/m*  (145-160  kg/mm*).  The  springs,  manufactured  from  this  wire, 
they  showed  satisfactorj  relaxation  xxie  with  3£5°C,  but  insufficient 
at  42 0-4  3v>  °C . 

Eage  x79. 

Initial  stress  was  lowered:  at  Jfc5°C  44-47c/c  after  2500  h,  at 
420° C oy  75.5-81.5o/o  after  17o0  h anu  at  450°C  ty  86-88. 5o/o  after 
750  h.  T ha  absolute  values  cf  tne  leutaxurug  stresses  (fable  42)  are 
consiuaran  ly  lower  than  fcr  analogous  steel  in  the  ncnriveted  state 
(compare  with  the  data  cf  Tatle  23). 

on  the  cold-worked  wire  with  a axauiater  cf  3.8;  1,  9 and  1.5  mm 
frcir  the  same  became  1K118NST  V.  Yc.  aunov  and  L.  a.  Krasil'nikov 
[2C7]  studied  the  effect  cf  hxgnec  reuuctxcr.  (30,  60  and  90o/o). 
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/"able  42.  Stress  relaxation  in  the  cuiu-draan  kite  with 
4.5  aim  made  of  steel  lKh18SST  j.206]. 


(0 

<tb  npM  20*  C, 
Mh/M2  (Kr /MM2) 

(%) 

TcMnepaiypa, 

®C 

o) 

a,.  Mh/m? 

( Kr/MM‘ ) 

(*{)*,  . Mh/k*  {nr /mm'), 

3a  BpeMfi,  h 

100 

500 

385 

202(20,2) 

184(18,4) 

156(15,6) 

1450(145) 

420 

233(23,3) 

128(12,8) 

67(6,7) 

450 

205(20,5) 

59(5,9) 

26(2,6) 

385 

197(19,7) 

185(18,5) 

156(15,5) 

1600(160) 

420 

200(20,0) 

132(13.2) 

73(7,3) 

450 

197(19,7) 

88(8,8) 

26(2.6) 

Continuation  Table  42. 


Oy 

oH  ii pH  20*  C. 

Mh/m*  ( Kr/MM *) 

(yj  °t  ■ (Kr/MM  ).  ]<  ■pem,  1 

woo 

irai 

2500 

1450(145) 

150(15,0) 

57(5,7) 

28(2,8)* 

131(13.1) 

43(4,3) 

112(11,2) 

1600(160) 

128(12,8) 

51(5,1) 

21(2,1)' 

116(11,6) 

47(4,7) 

104(10,4) 

F CCTNOTii  l.  After  750  h.  E NEFOOTNO 7 E. 

Key:  (1).  at  20°C,  nN/m2  (Kj/mn2>.  ^2 ) . le  n ferat  ure, 

KN/n,2  (k  j/irm2)  . (4).  P!N/m2  (itj/mu.2),  fci  tine,  h. 


a iiamete 


°C.  (3). 
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Eage  <i80. 

They  are  acted  the  noticeable  decrease  or  resistance  of  relaxation 
(in  range  from  150  to  45C°C)  with  an  increase  in  the  degree  of 
reduction,  and  also  the  positive  Lcle  tempering  at  temperatures  to 
400°C  (Fig.  106).  It  should  be  noted  tuai  tie  deration  of  relaxation 
tests  in  contrast  the  p re  ce  din  d/pr  e viuus  investigation  was  here  small 
(15  h)  . 

at  higher  temperatures  (6jO-350°c)  the  negative  effect  of 
preliminary  plastic  deformation  is  notea  already  with  the  smaller 
degrees  cr  work  hardening  ( 15-J0c/c)tnat  it  is  confirmed  by  A. 
Earshin's  data  for  cold- def  cr  mc  a steel  leCU  16N91  (7'able  43). 

Effect  of  IMO  on  the  relaxation  reoistcnce  of  alloy  KhN67Vf1TYu 
cii  nickel  basis  is  investigate!  cy  M.  L.  Bernstein  and  E.  L. 

Sitnixcva  [200].  These  anthers  studicu  one  influence  of  the  degree  of 
deformation  and  conditio ns/trodes  of  a^ing  cr.  value  residue/settlings 
(during  compression)  of  the  coiled  springs  vith  a diameter  of  12.7 
ii,  manufactured  frem  drawn  wire  of  tne  alley  indicated  with 
different  degrees  of  reduction.  At  5ou°v-  and  oo=600-  80  0 NlN/m2  (60-80 
kg/min*)  tne  smallest  upsetting  (12c/u  alter  25  h)  was  observed  after 
50o/o  reduction  with  the  subsequent  aging  for  6 h with  600-650°C, 
while  at  6 00°C  (20c/o  after  <5  a)  - alter  25c/c  reduct  ion  and  aging  6 A 


too  m 300  mo  500 

{0  Tennepatnypa  onnyoea  *C 


Fig.  106.  Effect  of  work  hardening  auu  temperature  of  tempering  on 
value  o,/o»  at  the  tem  pe  i a t ur  as  indicated:  dct-aash  curves  - 
def  ol  niatio  n iOo/o;  dash  fc3o/o;  solid  'JOj/o. 


Key:  (1).  Temperature  of  relaxation,  °c. 


Fa  go  a9/  . 


in  practice  the  application/use  or  r’M  C fcr  heat-resistant  alloys 
under  conditions  of  relexaticn  is  connected  with  further  accumulation 
of  the  experimental  date  which  will  muXc  it  possible  to  construct 
real  curve/graphs  according  to  the  tJt/e  of  diagram  Fig.  104i. 


FCOTNulK  1 . Here  are  not  examined  rewAut ic n-r e s istant  alloys  on 
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copper  basis,  hardened  by  TFC.  Sene  uata  on  the  effect  of  plastic 
deformation  and  subsequert  lcw-tempei.ature  arcealing  on  the 


relaxation  resistance  of 
E N DFCJ TMOT  E. 


;uch  alloys  arc  given  in  work  [142]. 


4.  Structural  t ran s f or a a t ic i s m tie  process  cf  stress  relaxation. 


ihe  lc le  of  the  structural  transformations,  which  occur  in  the 
process  or  stress  relaxation  at  hich  tempe retires,  is  most  convenient 
to  examine  cn  austenitic  steels  anc  mcKcl-chrc  nium  alloys,  since  in 
these  materials,  which  usually  relate  to  a rumter  dispersive 
hardening,  are  possible  tie  diverse  va.r*anti  cf  structural 
transrerma tions.  So,  during  prclonceu  seating  in  the  specific 
temperature  interval  was  prelim  inaria/  n r d en/  tempered  , and  in  the 
majority  of  the  cases  and  tempered  steex  are  separated  excess  phases 
frem  sclia  solution  (carbide  or  i n tei.  metal  1 i de  > , but  previously 
separated  metastable  phases  tr ans f e t/conve r t intc  more  stable 
structural  state.  In  some  aisteaitic  steels,  as  already  mentioned 
above,  unuer  the  effect  cf  temperituic  «as  feasible  the  partial 
deccmi-csit  ion  of  solid  solution,  connected  with  allotropic  change  y -* 
o,  y — * cj  , a o ) . 


EOC  = 781 53913 


p*Gf  *** 

Table  43.  Effect  of  the  degree  of  woix  nardeninc  £ on  the 
relaxation  resistance  of  ccld-worktd  steel  1Kfc18N9T  [208  ]. 


TV) 

Teunepa- 

(3)  or 

Mh/m‘  (nr /mm’),  npu  e,  % 

Typa  ic- 

•c 

10 

20 

30 

700 

230-350  (25-35) 

50-150  (5-15) 

. 

40—100  (4 — 10) 

750 

50—100  (5—10) 

20-30  (2-3) 

5-10  (0, 5-1,0) 

800 

10—50  (1—5) 

3—5  (0,3— 0,5) 

2-3  (0,2-0, 3) 

850 

3-5  (CT.3 — 0.51 

1-3  (0,1 — 0,3) 

1—2  (0,1— 0,2) 

900 

~1  (—0.1) 

~1  (~0,1) 

-1  (-0,1) 

V 

Key:  (1).  Testing  temperature,  °C.  (2).  A*N/m2  (kg/nun2),  when 

£,  o/c. 

Fage  r82. 

These  tianstoriuatic ns  in  austen.t..  sttels  can  occur,  also,  in 
the  process  of  creep  or  stress  relaxation  at  high  temperatures  (in 
spite  cf  the  preliminari  stabilising  tempering). 

since  the  enumerated  phenomena  ale  acccmperied  ty  volume  change, 
this  can  oe  reflected  ir  the  process  or  the  relaxation  when  the 
lengtn  of  part  or  s peci n an/ sample  uuat  remain  constant.  There  is 
special  interest  in  effect  cn  relaxation  of  stresses  of  the 
structural  transformations,  connecter  w^th  the  decrease  of  volume.  In 
this  case  the  increase  ct  the  stress  oecause  cf  a decrease  in  the 
length  or  rod  (as  a result  cf  tne  decrease  cf  vclume)  can  exceed  the 
vcltaje  drop  in  the  process  or  relaxation.  #s  a result  the  effective 
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stress  in  the  course  of  time  jrow/cist;s  (negative  relaxation  or 
accumulation  of  stresses). 


inis  phenomenon  in  austenitic  sttcxi  and  in  different  alleys  was 
observed  jy  a number  of  restareners  L 1 1,  p . 127;  209,  210],  For  the 
example  to  Fiy.  107,  are  civen,  cn  duiu  of  Aleshkin  [211],  tne  curves 
of  stress  relaxation  in  steel  iKhlfcN*.  ne re  the  phenomenon  of 
relative  relaxation  is  observe j at  7ou-ouO°C  in  connection  with  the 
intense  isolation  of  carbides  from  auottuitt. 
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fig.  1C7.  ✓ ig.  1C6. 

Fiy.  1 C 7 . Curves  the  relative  stress  ui.  relaxation  - time  for  steel 
1 K h 1 8 N 9 at  different  te a pe r atures , °C:  1 - fCC;  2 - 650;  3 - 700;  4 - 
75C;  5 - dOO. 

Key:  (1)  . Time,  h. 

Fig.  108.  Curves  relative  stress  - triue  r o i beryllium  bronze  Br.B2  at 
3C0°C  after  quenching  (1)  ar.d  teiaperxug  at  temperatures,  °C:  2 - 100; 
3 - 150;  4 - 200;  5 - 25 0 [ 2 10 J. 

Key:  (1).  Time,  h. 


Eage  x8 3 
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Structural  transformations  at  tne  elevated  temperatures  ir. 
ronferroub  alloys  in  certain  cases  aiso  lead  tc  negative  relaxation, 
wnicn  was  observed,  tor  example,  in  net/ilium  tionze  (Fig.  108)  at 
3CC-40C°C  [210],  bronze  kftsZ-1  - ct  suj-3CC°C  [24],  in  aluminum 
alley  witii  Ic/o  Mg  - with  125°C  [2C9j,  etc. 

nowever,  far  not  ir  all  cases  ntjaiive  vclume  effect  will  affect 
similarly  the  primary  cirves  stress  - taiue.  It  is  necessary  to  also 
take  into  consideration  tie  relative  neat  resistance  of  basement 
structure  solid  solution  anc  tne  releasing  phase,  and  also  its 
cuantxty,  form  and  si ze/di mensic ns  or  ua  separated  particles.  For 
example,  finely  dispersed  carbides,  increasing  resistance  of 
relaxation,  will  act  in  the  sane  litectaon,  what  decrease  of  the 
volume  of  metal,  but  with  ccaguiated  isolation,  which  weaken  steel, 
are  analogous  with  an  increase  in  the  volume. 

further,  assuming  that  pause  a unu  a under  conditions  of 
relaxation  (just  as  during  creep)  they  nave  siraller  refractoriness 
than  y-soiid  solution,  then  witn  the  ou^ficiently  high  content  of 
these  phases  in  the  structure  of  alloy  tne  vcltece  drop  as  a result 
cf  relaxrtion  can  exceed  the  increase  oi  stress,  connected  with  the 
decrease  of  volume.  As  a result  relaxation  curve  will  take  the  form, 
shown  on  Fig.  3,  where  section  c-d  answers  the  relaxation  softening 


c f mo  t a 1 


jjy  a specific  example  can  serve  tas  series  cf  nichroae-inanganese 
steels,  inclined  to  the  formation  cf  o-^aasc  in  the  process  of 
prolonged  heating  with  £50°C,  investigated  ly  Ya.  S.  Gintsburg  [24]. 
Cn  data  [z'l  2,  213],  the  t rarsicrmatiou  a ->  c occurs  with  the  decrease 

i 

cf  voiume.  Nevertheless,  primary  the  curves  of  the  relaxation  of 
these  steals  are  bent  net  upwards  (as  on  Fic.  1C7),  tut  downward 
(according  to  type  curve  2 cn  Fig.  3),  wuict  indicates  the  sharp 
relaxation  softening  of  steel  as  a re^uj-t  cf  formation  in  the 
structure  of  considerable  quantities  or  a-phase.  The  similar 
phenomena  can  be  observed  when  uurin*  relaxation  process  at  the 
appropriate  temperature  begins  intense  precipitation  of  the  excess 
phases,  wn ich  possess  the  lc were d/ r euuoed  heat  resistance. 

Those  examined  cases  can  oe  guaiiri.od  as  arcmalcus.  Of  virtually 
used  ror  not  fastening  austenitic  Etceia,  as  a rule,  have 
sufficiently  stable  solid  scluticn  anu  uilcticpic  changes  usually 
they  are  absent. 

Eage  264. 

In  the  conditions  of  high-temperature  relaxation,  structural  changes 
in  such  steels  are  limited  to  isolation  :ici  the  solid  solution  of 
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secondary  phases  - carbide  cr  inter rottaxir dt.  With  the  impossibility 
to  completely  remove  internal  transfer  static  rs  in  alleys  in  a series 
cf  cases  it  is  possible  they  tc  utiL*.ie  tor  an  increase  in  the 
prolonged  relaxation  lire  and  heat  resiotarce. 

I 

For  an  example  let  us  give  austenitic  teat-resistant  steel 
Kh15Ni5V4i  (£1164).  In  the  process  o*.  relaxation  test  with  680-700°C 
in  tne  structure  of  hardened  ana  tempered  at  75C°C  steel, 
continuously  occurs  the  additional  formation  cf  secondary  phases  (in 
essence  Ni3Ti).  Since  tie  particles  ut  ttiis  intermet  al  lide  at  the 
temperature  indicated  are  separated  trom  the  sclid  solution  in 
sufficiently  dispersed  form,  tney  hruxe  the  process  cf  relaxation  and 
primary  curves  (Fig.  109a)  reriect  a monotciic  vcltage  drop. 
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Fi(j.  137.  primary  the  ctrves  of  the  mldxdticn  cf  steel  FCh15N25V4r  at 
70  0°C/  750°C  and  a 0 , M N / m 2 |k  g/n,  m 2 ) ; 1 - 2CC(2C);  2 - 250(25);  3 - 
:CC (3o)  . 


Key:  (1).  HN/m2.  (2).  kg/inn2.  ^3)  . Tame,  n, 
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\4/ith  an  increase  it  the  temperature  tc  75C°C,  the  structural 
transformations  of  steel  Kh15Nl5V41  uur *u g prolonged  heating  have 
nore  complex  character.  As  it  was  shown  oy  iu.  V.  Latyshev  [214], 
phase  £ = Ni3Ti  (with  cutic  lettuce)  part..illj  degenerates  itself 
during  phase  g=*NisTi  (with  hexagonal  lattice).  After  5000  h begins 
the  precept  of  tne  re— scluticn  of  phase  tfijli  whose  guantity  after 
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10,000  h is  decreased  almost  to  initial  ir'ic.  10).  Simultaneously  in 
structure  continuously  is  fcrrned  tie  inte r n e tal  lie  ccmpound  Fe2W 
(type  cf  the  phases  of  laves),  which  compensates  for  "lack"  in  phase 
M3Ti.  Tnus,  the  total  content  of  i nt<=  erne  t al  1 id  e phases  in  steel 
after  5000-10000  h not  crly  is  not  dtcraasec,  tut  even 
insignificantly  it  grow/rises  (frem  4.*  to  5.35c/o).  A quantity  of 
phase  Nijli  for  the  same  tine  aecreas«u  rren  ~ U to  2c/o,  while  a 
quantity  of  phase  Fe2W,  cn  the  contrary,  increased  to  3.3o/o. 

The  aescriled  trail s for  natic ns  cuuuibcte  tc  the 
preservaticn/retention/aaintaining  tn<=  resistance  to  creep  at  a 
sufficient  level  even  at  sc  high  a fui  oteel  cf  this  class 
temperature  as  750°C.  iiewever,  under  coauitiens  of  stres-s  relaxation, 
the  replacement  of  phase  Ni3Ti  uy  phase  r’e2i>  crly  somewhat  brakes  the 
softening  cf  steel  at  temperature  cf  7houC.  After  1000  h the 
remaining  stress  composes  a total  cf  Jh-aOc/o  cf  the  initial  (see 
fiy.  1C9tg  . It  is  possille  tc  assume  uac  tie  structural  instability 
cf  the  latum  of  steel  with  750°C  is  unuer  ccr.diticns  of  relaxation 
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Fig.  110.  Change  of  the  quantity  of  st.reu  g t hene  d/hardened  phases  in 
the  structure  of  steel  Fh15lv2o^bT  in  ue^ondence  cn  the  time  of 
testing  with  750°C  (2—  total  curve). 

Key:  11).  Quantity  of  phase,  o/o.  (2<  . j.j.ut€,  h. 
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interesting  results  cave  unique  in  luteticc  relaxation  test  of 
the  heat-resistant  alloy  Kh  15Nt5VMl Yu  o.»  nickel-chromium  basis.  Alloy 
vas  tested  for  relaxation  with  750°C  io.  2CCCC  h with  the  initial 
stresses,  composing  33,  40,  50  uni  6uj/o  rrcm  the  average  value  of 
the  yield  point  of  alley  at  tn<=  same  temperature  of  600  MN/n?  (60 
kg/nun2),  heat,  treatment  consisted  cf  ^Uu-nchang  at  1180°C  in  air  and 
tempering  for  16  h at  8CC°C. 

From  the  examination  cf  the  priiuat/  curves  of  relaxation  (Fig. 


Ill)  it  is  evident  that  the  curves  for  art ferert  initial  stresses 
Similar  au d reflect  twc  relaxation  txiUoa  of  stresses.  The  first 
peiiou  (oy  duration  (3CC-5CC  h)  is  cnaLact  er  i2e  d by  a sharp  voltage 
drop  at  ill  values  a0. 


t 


'(!)  2000  WOO  6000  8000  fOOOO  12000  moo  16000  18000 


( 2 ) Open  a,  v 

Fig.  111.  Primary  the  ctrves  ox;  the  tcxaXdticn  cf  alloy  Kh  15N65MTYu 
at  750°C  and  a change  it  the  content  oi  the  strengthened/hardened 
phase  (lower  carve)  aQ,  fl M / a 2 (xg/nir*,:  1 - 2C0  (20)  ; 2 - 250  (25);  3 - 
200  (30)  ; 4 - 350(35)  . 

Key:  (1).  Z—  residue/settling,  o/c.  a,  ilN/m*.  (2).  lime,  h.  (3 ) . o; 
kg/ ir  m2. 

E a g e 287. 

lowaru  the  end  of  I periods,  txie  remai.Ui.ng  stress  is  ~0.7®o,  and  the 
average  speed  of  relaxaticr  for  different  values  o0  varies  from  0.02 
tc  0.05M;»/m2  (0.002-0. CCS  kg  /mm2)  in  nod  r (or  frcm  0.01  to 
C.02o/c/n)  . Then  begins  II  [enai,  wni.cn  is  characterized  by  the 
smaller  intensity  of  stress  relaxation.  Already  during  the  first 
stage  of  this  period  (1CCC-2C0J  h)  ttie  .xte  cf  relaxation  becomes  4-5 


DOC  = 73153913  P#Gf 

times  less  than  at  the  end  cf  x petiuus,  dne  it  continues  noticeably 
tc  be  decreased  ap  proxi  a ate  1 y to  5C0u  u.  In  the  interval  of 
500Q-^Gp00  h#  stress  relaxation  cccui./r.LOw/Jast£  with  considerably 
lower  speed  (0.  U01-C.  CC3  c/c  h)  . 

Specially  carried  cut  studies  [dbj  shewed  that  the  prolonged 
heating  KnN65VWTYu  at  75C°C,  in  spit=  or  the  preceded  stabilizing 
tempering,  causes  the  acditior.il  isciatioi;  cf  an  excess  phase  of  the 
type  NijU'iAl),  that  is  accompanied  xy  rue  partial  redistribution  of 
cell/elements  between  the  sclid  souticn  and  the  excess  phase 
(Table  44)  . 
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rable  44.  Distribution  ct  the  alloyiu^  uai 1/ele lents,  o/c  in  alloy 
Eh  1 5N<>5  V.ll  Yu  l-etween  the  sclid  solution  and  the  strengthen  ed/hardened 
{.hase. 
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O J SI 
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SI 

Pe 

«00°C,  12  } 

750°  C,  5000  hC- 
r 50°  c,  ioooo  h(S 
750°  C,  20000 
800°  C,  5000 
800° C,  10000  h(? 
800°  C,  20000  <(J. 


800°  C,  12 
750°  C.  5000  16 
750°  C.  10000  ift 
750°  C.  20000  ttt, 
800°  C.  5000  <3  ' 
800°  C,  10000 
800°  Q,  20000 
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3,1 

10.8 

7,0 

6,4 

44.7 

36,5 

16,6 

1.0 

17,7 

10,0 

7,1 

76,6 

64,0 

16,6 

2.5 

19,1 

11,5 

5,9 

87,3 

60,9 

16,6 

2.7 

19,7 

15,0 

6.2 

79,3 

39,1 

16,6 

1,2 

13,1 

10,0 

5.9 

60,0 

46,2 

16,6 

1.9 

14,8 

10.0 

8,1 

70,7 

53,0 

16,6 

1,6 

18,8 

13,0 

13,8 

88,6 

48.1 

16,6 

Teepdbiu 
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96,9 

89,2 

93,0 

93,6 

55,3 

63,5 

83,4 

99,0 

82,3 

90,0 

92,2 

23,4 

36,0 

83,4 

97,5 

80,9 

88,5 

94,1 

12,7 

39,1 

83,4 

97,3 

80,3 

85,0 

93,8 

20,7 

60,9 

83,4 

99,8 

86,9 

90,0 

94,1 

40,0 

53,8 

83,4 

98,1 

85,2 

90,0 

91,9 

29,3 

47,0 

83,4 

98,4 

81,2 

87 

86,2 

11,4 

51.9 

83.4 

17,2 

17.2 

17.2 

17.2 

17.2 

17.2 

17.2 


82.8 

82,8 

82,8 

82.8 

82,8 

82,8 

82,8 


Key:  (1).  Conditio ns/mc ce  cf  ticdtne.it*. 


F CCTN'OTE  1 . Previous  treatment:  guenonmj  with  1180°C,  cooling  in 
air.  cNDFOCTNOTE. 


(2).  btrea  gt  hen ed/hard e re  d [hdjc.  |d;.  h.  |4).  Solid  solution. 
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If  in  initial  state  a giantity  of  latLer  ccajcses  ~10o/o  that  after 
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5000  n (at  750°C)  it  grch/ri sea  to  1o.  <wo/o  (fig.  112).  Subsequently 
the  intensity  of  the  isolation  of  Ni3(Tifll)  noticeably  weakens; 

77 c/o  or  additionally  separated  guantrt^  of  this  phase  fall  on  first 
5CC0  a of  aging  with  75C°C  ena  cnly  *.jo/j  - tc  subsequent  15,000  h. 

The  continuous  faiinj  of  the  process  or  relaxation  of  stresses  of  the 
investigated  alloy  is  ccr.nectea  with  ue  gradual  stabilization  of 
structure  and,  in  particular,  with  t^e  curtailment  of  the 
impoverish  roent  of  solid  solution  oy  nrcr.ei  and  aluminum,  which  is 
ccnfirmeu  by  the  data  of  phase-snift  uiurjsis  (Table  44). 
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fifj.  112.  Change  xn  the  tctal  gaantity  (2)  and  of  the  composition  of 
the  stren-j  th^ned/h a rden € d phase  in  tne  structure  of  alloy 
K h 1 5 Mu 5V.1l  Y u in  dependerce  cn  the  cutuc*jn  cf  aging. 

Key:  (1).  Total  content  cf  celi/eleaents  5L  and  N i,  o/o.  (2). 
Content  A,  Mo,  Ti,  Al,  c/c.  (3j  . Duration  cl  aging,  h. 

Eage  239. 


Apparently,  the  st  a bi  1 i i at  i cn  of  the  structure  cf  alloys  with  the 
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heavixy  alloyed  solid  scluticn  nas  (.uixiivt  effect  on  prolonged 
relaxation  life.  About  the  fact  tnat  strengthening  the  solid  solution 
in  a sarios  of  cases  or  a mere  effective  than  creation  in  the 
structure  excessive  guaitity  or  part^ci^s  cr  the  excess  phase,  speak 
the  results  cf  comparative  test  for  relaxation  at  800°C  two 
rickel-chr cmi um  alloys  cf  weieu  one  nau  the  teavily  alloyed  solid 
sclutic.i  ini  the  moderate  quantity  ci  secondary  (strengthening) 
phase,  out  the  second  - less  alloyed  surid  solution,  but  a 
c0nsiat2r.au  ly  larger  juaitity  or  that  ~>  treu  g thene  d/hardened  phase 
[x15].  Dicing  first  nuncred  cf  nours,  uutu  cf  alloys  had  virtually 
identicil  relaxaticn  life,  lut  after  lead  h the  level  of  the 
remaining  stresses  in  tie  stcoiij  alloy  «as  telcv. 

Jii  tne  lasis  of  that  presented,  .t  is  possible  to  conclude  that 
the  structural  transf or n atiens,  whicu  occur  ir  alloys  during  the 
temperature  conditions  cf  stress  relaxation,  have  specific  effect  on 
the  course  of  the  process  of  relaxation.  Tie  effect  cf  age  hardening 
cr  aliotropic  changes  is  applies  cn  tue  purely  relaxation  phenomena; 
thereicre  the  common  picture  or  prccoss  noticeatly  becomes 
ccmplic  a to  d. 

m connection  with  this  logically  irises  tie  "reverse"  question; 
can  t ii c piccess  of  high-temperature  itiaxaticn  cf  stresses  (not 
leading  to  decomposition  havo  in  turn,  specific  effect  on  the 
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structura  cf  tested  steel  (cr  allay). 

Austenitic  steels  cf  brands  1 Phlo^i1,  1KhHNl8V2BR  and 
Kh  20N2  5VI1J  M,  and  also  alloy  Knfj77rVu  nets  tested  for  stress 
relaxation  at  temperature  of  6oC°C,  att<».ox  i a at  e ly  corresponding  to 
temperature  C.5  Tnij ■ lie  selected  initial  stresses  in  all  cases  were 
telow  yield  point,  comprising  o 0=(C  . 4-u  .o)  «c,2* 

ihe  specimen/samples,  tested  for  stress  relaxation  for  2000  h, 
subjected  to  microscopic,  electron-microscope,  phase,  chemical  and 
X-ray  structural  analyses  [21oJ.  They  m parallel  investigated 
speciioen/samples  in  the  initial  state,  and  else  after  heating  of  the 
same  uuration  and  to  temperature  (vitn  o0=C),  which  made  it  possible 
to  separate/liberate  the  temperature  etxect  cf  testing  from  the 
effect  of  the  very  process  cf  relaxation. 

Eage  290. 


Dince  as  different  iritiai  ini  c rost^u  ct  ures  cf  austenitic  steel 
they  can  possess  dissimilar  receptivity  to  the  possitle  effect  of  the 
process  or  stress  relaxaticr,  tne  annurar  specimen/samples  prior  to 
tests  were  subjected  tc  six  versiers  or  tne  heat  treatment  (see  Table 
39),  which  made  it  possible  to  investigate  each  steel  in  six 
structural  states.  The  latter  were  caauct  er  ize  c by  a size  of  the 
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(^rain  of  solid  solution,  a guautity  ui  excess  phase  and  a degree  of 
its  disparsity. 

i’ a o la  45  gives  guartities  of  separated  phases  after  initial  heat 
treatment,  relaxation  tests  ana  prolonged  heating  with  <t0=  0.  These 
data,  and  also  results  cf  m icr oexaainutj.jn  indicate  that  the 
structural  changes,  discovered  in  the  s^ac  i ner./samples,  tested  for 
relaxation,  are  analogous  tc  the  clan^eo  rn  the  structure  of  the 
specimen/samples,  subjected  isochronous  ueatirg  in  the  unloaded 
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Table  45.  Quantity  of  seccncary  ftiasco  steels  and  alloys  in 
different  states. 


Koxasccno  (J)*3,  X ■ suamocn  or  TWcnepnypw 
iiuni  *c,  CTBM* 


CoCTOflHBC 

IX18H9T 

1XUH18B26P 

X20H25BM35 

| XHT7TIO 

1050 

| 1200 

1000 

| 1250 

1000  , 

| 1200 

950 

| 1080 

(V) 

Hcxodnoe 

COCTORHUe 

3axa;ixa  .... 

0.4 

0.3 

0,9 

0.5 

1.9 

. u 

i.i 

1.4 

ts'Xo  xce+omycK  ripn 
750“  C 

0.8 

0.6 

1.0 

1.3 

3.0 

t 

2.1 

9.0 

9.4 

/ U 'To  *e,  800°  C . . 

0.9 

1.2 

1.2 

1,5 

2.2 

1.4 

8.0 

8,9 

1'7'HarpeB  npn  650°  C, 
2000  h 

0.8 

0.85 

1,4 

1.3 

8.0 

2.5 

12,6 

12.7 

//  cnbiTOHue 

. na  peAOKCai^wo 

0?3aKa.iKa  .... 

i.O 

0,9 

1.4 

1.5 

7,7 

2,0 

12,3 

12,6 

(5’ To  >Ke-rOTnycx  npw 
750®  C 

0,7 

0.95 

1.5 

1.6 

7.0 

3.0 

13,3 

12,7 

(nTo  *e.  800°  C . . 

0.9 

0.7 

1.3 

1.6 

4,8 

2,6 

13,7 

13.1 

Key:  (1).  State.  (2).  Quantity  of  phases,  C/o,  depending  on 
tempetatUi.  e of  quenching,  °C,  steels,  (j)  . Initial  state.  (4). 
Quencniaj.  (5).  The  same  ♦ temtarirg  watu  7fO°C.  (6).  The  same, 
6CQ°C.  (7)  . Heating  at  £50°C,  2000  h.  (o)  . felaxation  test. 
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Thus,  was  not  revealed  tne  affects  or  the  process  of  relaxation 
cn  the  microstructure  of  austenitic  steels  (with  carbide  and 
inter  ms  tax  lido  strengthening)  and  cf  neat- resistant  nickel-chromium 
ailoy  after  different  heat  treatments,  me  obtained  experimental  data 
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spedk  aooat  the  absence  c £ the  dependence  cf  a quantity  of  excess 
phases  in  structure  and  character  ct  udi  distribution  on  the 
applied  stresses.  However,  it  as  necessary  tc  note  comparatively  high 
temperature  cf  testing,  close  to  0.5  Taa,  kith  which  diffusion 
processes  proceed  sufficiently  rnteik,eix.  At  less  high  homologous 
temperatures,  for  example  (C.3-0.4)  T„A,  is  possible  fundamentally 
different  picture.  The  higher  level  or  martial  and,  therefore, 
remaining  stresses  also  can  lead  tc  otaer  results,  in  particular  at 
the  initial  stages  of  the  piccass  cf  r b^x  a t ic  n . 
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Appendix . 

EECGEAd  fjR  THfc  CALCULATION  OF  R EL  A Xa  i.  a.  JN  CIRVES  ACCORDING  TO  THE 
HYFCTilEJIS  OF  FLOW  WITH  1 1 E STaJCTEW  PhHAF.ETEF. 

Presd  nt  program  is  comprised  foL  tne  calculated  determination  of 
the  curves  of  stress  relaxation  at  constant  ten perat ures  on  the  basis 
cf  the  cna racterist ics  cf  the  creep  ol  uie  naterial,  found  in 
experiments  with  constant  stresses. 

The  program  of  calculation  is  inotj-cuted  cn  the  use  of 
cha  Lac  terx  st  ics  of  tue  creep  or  the  matoc  i a 1 , cttained  in  experiments 
at  constant  stresses  anc  tenperatureo  aid  approximated  by  the 
expression 

*n  = -4®*  {l  —exp  (—Co1  r)]  S -f  5a"t,  (l) 

where  «n  - deformation  cf  creep; 
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t , I>,  C , a.  , i,  in  - constant  cr  material,  A,  B,  k and  m changing  their 
values  for  °>°ap  and  ® < ®nB  (where  anp  = const); 

S - function  of  the  strictural  firanttei.  as  which  is  accepted  maximum 
preliminary  insr.an tanec is  plastic  deioiuat  icn  ew- 

Is  utilized  the  following  expresi>i^n  fcr  S,  instituted  on  test 
results  for  short-term  creep,  fcr  contract  stresses  and  variable 
values  of  the  preliminary  plastic  de*.oimat  ic n : 

•S==1+/,(eM-*nfl)^  (2) 

where  h and  q - constant; 

en,i =f(o)  - plastic  defornaticn,  which  cou'esicnds  to  stress  a 

according  tc  instantaneous  strsss-st*.  ma  diagram.  After  accepting  the. 

approximation  of  stress-strains  curve  iu  the  fertr 

a I a \p 

p-  ‘-T+'W  • (3) 

where  r^f^enstart; 


E - modulus  of  elasticity; 


- elastic  licit. 


we  will  outain 
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(4) 
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Constants  A,  E,  C,  k,  i,  a datetuiaa  as  fellows: 

1.  At e deter m ined  values  or  a,  L,  c according  tc  the  diagram, 
{.reseated  in  Fig.  1,  where 

1 a 

b = tg  a,  c = — In . 

F a g e 29 i . 

2.  la  dual  log  ar  i t.  Fir  ic  coji  Jinditi.  ate  ccnstructed  dependences 

cf  values  a,  b,  c from  stress  trig.  *.)  . fhreugh  slope/inclination  and 

position  of  curves,  fine  the  values  or  junstants  for  a < °nP  from 

a =Ao*  = 10fl,a*>  ; b = Ban  = 106'  a"1'-, 


c = Co*  = lO'V 


for 


> ®np  frt 


ft) 


a=  10“*  a** ; b = 10t,6m’; 

ana  aaso  the  value  ot  stress  °np.  witu  watch  the  straight  lines  with 
different  slcpe/inc li na t ic r tney  irtet^ect. 

Constants  h and  i calculate  accotutng  tc  the  curves  of  creep, 
obtained  at  o=const  and  the  dirrerent  Values  cf  F^-astic  strain  *"*• 
those  approximated  by  the  dependence 

■n -•«.[> + *(«*)*]•  (5) 

where  en0  - creep  strair  when  en.i  = 0- 


The  mentioned  above  ccr.stants  or  material  are  the  function  of 
temperature  (their  values  are  determined  with  those  temperatures  at 
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which  were  conducted  the  experiments). 

Differentiating  expression  (1),  we  will  ettain  the  dependences 
cf  creep  ..ate  with  constant  stresses  iroa  the  time: 

t„  = SCo*+'exp(—  Co'tJS  + So".  (6) 

rs  utilized  the  hypothesis  cf  fxow  wrtt.  the  structural  parameter 
as  whicn  is  accepted  the  amount  or  ins tu.n t a r ec u s preliminary  plastic 


deformation. 
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Fiy.  1.  D=i  ter  m inat  ion  o 1 coefficients  ui  a,  b and  c. 

i 

Faye  294. 

Calculation  is  instituted  c r.  tne  inttyiaticc  of  the  differential 
equation  of  stress  relaiaticn  in  tie  s^ccr  ten/ sa  it  pi  e of  the  constant 
1 e n y t n : 

^•=-£iB(a,T,e°M)  (7) 

undtr  initial  conditions  r=C,  o = o0, 

vihere  en  rate  of  creep,  ass iy  «/ p r € scr isod  ty  analytical  expression 
(6)  . 

Pro.ji.ani  is  comprised  cr  1 a n j u a ye  "ai.dCI-60"  for  FTsVM  C 1 
computer]  BE5M-2  and  BEFf-3f  ana  is  lusntcted  on  the  numerical 
intejiation  of  ejuation  |9)  durinj  tue  use  of  expressions  (6)  and  (4) 
ty  Puny  3-K  utta ' s method.  Picyram  makes  it  pcssitle  tc  calculate  the 
values  of  residual  stress  at  several  varies  of  time  ty  the 
co  mmon/  j eu  e rai/tot  a 1 duration  cr  1 h ro».  sir.yle  and  repeated 
stretchinys  at  several  values  of  initial  stress. 


Fee  this,  is  introduced  the  following  Uuuieracal  material: 


1.  BEGIN  INTEGER  MP,  MM.  J,  JJ,  M5,  K3; 

2.  REAL  SIGMA,  Al,  A2,  Bl,  B2.  Cl,  HI.  Ri.  U,  El,  L,  P, 

3.  Q,  Kl.  K2,  Ml,  M2.  SI1,  DSl.  SIGMA2; 

4.  READ  (MP,  MM,  Al,  A2,  Bl,  B2,  Cl,  HI.  Rl,  U,  El, 

5.  L.  P,  Q,  Kl,  K2,  Ml,  M2,  SIl,  DSl,  SIGMA2); 

6.  READ  (M5); 

7.  BEGIN 

8.  ARRAY  SIGMA5  (1  : MM),  T,  X(0:2XMP-1),  Tl,  XI  (0  :_5) : 

9.  PRINT  (MP,  MM,  Al,  A2,  Bl,  B2,  Cl,  HI,  Rl,  U,  El, 

10.  L,  P,  Q,  Kl,  K2,  Ml,  M2,  SU,  DSl,  SIGMA2); 

11.  BEGIN  REAL  PROCEDURE  F(T2,  X2);  VALUE 
T2,  X2; 

12.  REAL  T2,  X2;  BEGIN  REAL  A,  B,  C,  AA,  BB,  M.  K; 

13.  REAL  X3,  X4,  X5; 
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PCOTNOTE  1 . M5  - is  not  printed. 

mh-an  conducting  of  ca  lculat  ic  r s,  printed: 

a)  the  introduced  ruieiiuii  jiataxcu  of  1-21  values; 

i>)  tne  initial  stress,  6 values  oi  tilt  in  the  portion/fractions 
c£  hour  and  conespcndi  rc  tc  them  t vaauas  ct  residual  stress.  A 
nuaibet  of  versions  is  deteraiaed  b > r*.o«.act  x (M5 tl ) . Is  given 

telow  tne  text  of  ptogran. 
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X3:-IFX2>0  THEN  (2XX2/U)  f P E L S E— (— 2XX2IU) 

t P; 

IF(2XS1GMA/U) f2 — X<0  THEN  A:-1ELSE; 

A : -l  + (Hl/2f(P+Q))X((2xSIGMA/U)  f P-X3)  fPQxRlfQ; 
IF  X2<SIGMA2  THEN  BEGIN  M:  -Ml;  K:  -Kl; 
AA.-Al;  BB:=B1  END  ELSE  BEGIN  M:-M2- 

K : =K2' 

AA  : A2.  BB  : -B2  E N D; 

X3  : = EXP  (2.303 X Cl  X L X LN  (X2) ) X (T2 + K3) ; 

X4-IF  X2<0  THEN  O ELSE  EXP((K+L)XLN(X2)  + 
2 303XAA  + 2.303XC1); 

X5:=IF  X2<0  THEN  O ELSE  EXP  (MxLN(X2)  + 

2.303 XBB); 

B.  =1  F X3>40  THEN  O ELSE 
El  XX4XEXP( — X3); 

C ; -E1XX5; 

F: AxB — C; 

END  F; 

BEGIN  REAL  PK1,  PK2.  PK3.  PK4,  H;  INTEGER  I; 
FOR  JJ:  -1  STEP  I UNTIL  MM  DO  SIGMA5  jJ.I) 

: =SI  1 + (JJ — 1) XDS1;  JJ—  1;  SIGMA:  -SIGMA5(JJ); 

DL1:  K3  : -0; 

DL':T(0)_:  -0.0001;  X(O)  : -SIGMA;  H : -l/MPf2; 

FOR  J : 0 STEP  1 UNTIL  MP-I  DO  BEGIN 
PK1:  -F(T(J),X(J))XH; 

PK2:  -F(T(J)+H/2.X(J)+PK1/2)XH; 

PK3:  =F(T(J)_+H/2.  X(J)+PK2/2)  XH; 

PK4  : — F(T(J)  +H,  X(J) +PK3)  XH;  I : -J+ 1; 

X(l)_:  X(J)_+  (PKI+PK2x2+PK3x2+PK4)/6; 

T(I)  : = T(J)+H  END; 

H : l/MP; 

F O R J : — MP  STEP  1 UNTIL  2XMP— 2 DO  BEGIN 
PK1  : -F  (T(J),X(J))xH; 

PK2  . = F(T(J)+H/2,  X(J)+PK1/2)XH; 

PK3  : -F(T(J|+H/2,  X(Jj+PK2/2XH; 

PK4:  =F(TjJ)  + H.  X(J)  + PK3)XH;  I:-J+I; 

X(0  : =X(JI)  + (PKl  + PK2X2+PK3x2-FPK4)/6; 

T1H : T(Ji+H  end; 

TljO)  : =0.0001 ; XI  (0)  : = X(0j;  Tl(l)  : =T(60); 

Xljl) : =X(60);  T1  (2)_ : =T(_64)_;  Xl(2)_:  -X(64)j 
Tlj3J  : =TL74i:  X,i3)  : =x(Z4i;  Tlj4)  : = Tj89); 

XI (4)  : — X (89) ; T1  (5)  : =T(119);  XI (5)  : -X(U9); 


T1  (0)  : =0.0001;  XI  (0)  : = X(0j;  Tl(l)  : =T(60) 
Xljl)  : = X j60 j;  Tl(2j  : =T(64)j  Xl(2)_:  -X(J 
Tl  j3)  : =T(74);  Xlj3)  : =X(74|;  TIj4)  : =Tj89 
Xlj4)  : = X(89]_;  Tl(5)j  = T(J19)_;  XI (5)  : =X( 
PRINT  (SIGMA,  Tl,  XI); 

IF  K3<F5  THEN  BEGIN  K3:=K3+1; 
DL  E N D; 

IF  JJ<MM  THEN  B EGI  N JJ  : =JJ  + 1; 
SIGMA : = SIGMAS jJJ);  GO  TO  DL  END; 
END  END  END  END 


GO  TO 
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